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Abstract
Seagrass beds, important marine ecosystems both economically and
environmentally, have a poor fossil record.  As a result, little is known about the
geographic distribution of seagrasses over historic and geologic time, or their abundance
when unaltered by anthropogenic effects.  The purpose of this study is to define a
taphonomic signature unique to seagrass beds that can be used as a proxy for identifying
the seagrass habitat in the fossil record.  In order to develop this proxy, sediment samples
from Recent seagrass and non-seagrass environments were collected, and the molluscan
bioclasts from these samples were categorically ranked for the following taphonomic
characteristics: encrustation, bioerosion, abrasion, dissolution, fragmentation, edge
chipping, and edge rounding.  Samples of faunal assemblages associated with deposits
inferred to be from seagrass beds were collected from the Eocene Moodys Branch
Formation (Copenhagen, LA) and an unnamed Pleistocene unit from Bocas del Toro,
Panama.  The molluscs from these samples were examined for the same characteristics as
the Recent molluscs to test if taphonomic characteristics associated with seagrass habitats
are preserved in fossil samples.
Taphonomic data were analyzed using both canonical discriminant analysis, and
assignment tests.  Differences between seagrass and non-seagrass environments are
apparent, although these differences may be distorted by localized transport of shells
between environments, and by differential response of various taxonomic groups to
taphonomic processes.  Taphonomic characteristics that best discriminant between
seagrass and non-seagrass environments are a combination of edge rounding, abrasion,
dissolution, and fragmentation.  The assignment tests suggest that these taphonomic
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characteristics are preserved in the fossil record, making it possible to identify fossil
seagrass beds based on their taphonomic signature.  However, error rates associated with
assignment tests suggest that more sampling of environments is necessary to better define
the taphonomic signature of seagrass beds.
1
Introduction
Seagrass beds are a globally distributed coastal marine ecosystem and represent an
important resource that contributes to the vitality of the global environment. Seagrasses are
important primary producers, providing vital nutrients to shallow marine environments.
Seagrass beds also are an ecosystem that supports a diverse fauna, including many
endangered or threatened species.  In addition, the unique root system of seagrasses, which
effectively traps and binds sediment, may help reduce coastal erosion (Ginsburg and
Lowenstam, 1958).
Seagrass beds are important economically as they provide nurseries for many
juvenile commercial fish and macroinvertebrates (Reusch, 2001; Jackson et al., 2002).  In
addition to benefiting indirectly from nutrients provided to marine communities, humans
have historically used seagrasses for weaving and stuffing material, fiber, insulation, food,
medicine, fertilizer, animal fodder (McRoy and Helfferich, 1980; Wyllie-Echeverria and
Cox, 1999; UNEP, 2004).  Seagrass beds act as natural sewage filtration systems and could,
therefore, be effective if incorporated into water purification systems (McRoy and
Helfferich, 1980). Despite the demonstrated importance of seagrass beds, our
understanding of the history of this ecosystem is limited.
Seagrass bed degradation appears to be a global problem (Baden et al, 2003;
Jackson et al., 2002; Sheridan, 2003; Walker and McComb, 1992).  Degradation of coastal
seagrass beds has been attributed to oil spills, dredging, eutrophication, and increased
turbidity; the most serious threat being increased turbidity (Baden et al., 2003; Ruiz and
Romero, 2003; Hemminga and Duarte, 2000).  Natural effects, such as storms, temperature
changes, and disease can also cause seagrass declines, although their effects are often
exacerbated by human activities (Hemminga and Duarte, 2000).  Observed depletion in
global seagrass coverage may be caused by anthropogenic effects that commenced long
before scientists began making careful observations of this ecosystem, thus limiting our
ability to understand the extent and ecosystem function of seagrass beds in healthy and
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undisturbed coastal settings (Jackson, 1997; Pandolfi, 2003) (Figure 1.1).   In fact, some of
the best records monitoring seagrass distribution using aerial photography only extend back
about 70 years (Larkum and West, 1990).
Figure 1.1: Historical record of decline of marine ecosystems and consumer guilds from
before anthropogenic influence to present.  For each time interval the percentage of
an ecosystem or consumer guild in a particular state of disturbance is expressed
(i.e., Pristine, Abundant, etc.). Time intervals: P, prehuman; H, hunter-gatherer, A,
agricultural; CO colonial occupation; CD, colonial development; M1, early modern;
M2, late modern to present. This figure illustrates the paucity of information about
pristine seagrass ecosystems compared to other marine ecosystems.  Reprinted with
permission from Pandolfi et al., 2003.
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The stratigraphic record could provide a means to increase our understanding of this
ecologically important ecosystem, although this approach is limited by the low preservation
potential of marine grasses and their pollen.  Whereas some fossil seagrass beds have been
identified based on the presence of preserved grasses (Ivany et al., 1990; Lumbert et al.,
1984), these instances are rare.  Proxies for identifying fossil seagrass beds could lead to
enhanced recognition of this ecosystem, dramatically increasing their recognition in the
geologic record both temporally and geographically.
The objective of this study is to determine whether the taphonomic alteration of
molluscs associated with seagrass beds provide a reliable proxy for this habitat. As
seagrasses have the potential to modify both the physical and chemical environment,
differences in preservation between seagrass beds and other ecosystems should be
observed.  Modification of pore water chemistry through creation of humic and carbonic
acids associated with metabolic processes of seagrass and decomposition of organic matter,
found in higher concentration in seagrass beds, may lead to an increased rate of carbonate
dissolution within seagrass beds.  In addition, seagrass beds are densely populated by a
variety of organisms, which could lead to higher rates of bioerosion and biotic encrustation.
Mollusc shells were chosen for this taphonomic study as they are commonly
preserved in the fossil record, are abundant in seagrass beds, and have shown high spatial
fidelity to the once living community that they represent (Miller, 1988; Kidwell and Flessa,
1995).  If mollusc shells from seagrass beds display a different taphonomic signature than
do the mollusc shells of other environments, this proxy could be used to identify seagrass
beds in the fossil record, thereby increasing our understanding of the history of this
important marine ecosystem.
1.1 Seagrass Biology
Seagrasses are the only angiosperms to have successfully adapted to life underwater
(Hemminga and Duarte, 2000).  Although their growth habit and form are similar to true
grasses, seagrasses are most closely related to freshwater monocotyledons (i.e., cattails and
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water-lettuce) (Brasier, 1975). Seagrasses are polyphyletic and consist of 12 genera within
five families (Hemminga and Duarte, 2000; Green and Short, 2003).  The plasticity of
seagrass morphology, exacerbated by a paucity of molecular phylogenetic data, makes
species recognition difficult.  As a result, total species diversity is uncertain, although most
sources report approximately 50 species worldwide (Hemminga and Duarte, 2000;
Domning, 2001; Green and Short, 2003).  Despite their relatively low diversity, seagrasses
have a global distribution, occurring in coastal regions of every continent, from the Arctic of
Eurasia to Australia and Southern Africa, except Antarctica, where ice scouring probably
inhibits seagrass growth (Robertson and Mann, 1984).
Seagrasses reproduce both sexually, through hydrophilous pollination (pollination
that takes place under water) and asexually, through rhizomatous growth (Orpurt and Boral,
1964; Brasier, 1975: Hemminga and Duarte, 2000).  Sexual reproduction in seagrasses
appears to be variable both among and within species (Campey et al., 2002).  Flowering can
occur annually in Zostera marina and Posidonia coriacea  (Keddy and Patriquin, 1978;
Campey et al., 2002), whereas other species flower less frequently.  For instance, Thalassia
testudinum flowers, on average, once every 13 years (Gallegos et al., 1992). Flowering
frequency also varies within species and is related to shoot age, small- scale environmental
differences, and geographical location, with individuals located toward the center of their
geographical range flowering more often (Campey, 2002; Billingham et al., 2003).
Pollination mechanisms and seed dispersal techniques also vary among seagrass
taxa (Hemminga and Duarte, 2000).  Unlike other seagrasses, which have developed
hydrophilous pollination, the pollen of Enhalus acorides floats on the water surface in order
to fertilize the female flower during low tide (Hemminga and Duarte, 2000). Seagrass taxa
also differ in their seed dispersal strategies.  Most seagrasses release their seeds close to the
sediment water interface, and therefore have a small dispersal range (Hemminga and Duarte,
2000). In contrast, other taxa, such as the Zostera and Syringodium species, have seeds with
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buoyant structures, giving them a larger dispersal range (Curiel et al., 1996; Hemminga and
Duarte, 2000).
Table 1.1:  Global seagrass species diversity organized by family and including accepted
geographic range of each species.  Geographic distributions for Ruppia spp. are not
included as distribution data are currently insufficient.  After Hemminga and Duarte, 2000;
Green and Short, 2003.
Family Species Geographic distribution













Cymodoceaceae Amphibolis a !ntarctica South Australian














Thalassodendron pachyrhizum South Australia
Posidoniaceae Posidonia angustifolia South Australia
Posidonia australis South Australia
Posidonia coriacea South Australia
Posidonia denhartogii South Australia
Posidonia kirkmanii South Australia
Posidonia oceanica Mediterranean
Posidonia ostenfeldii South Australia
Posidonia robertsoniae South Australia
Posidonia sinuosa South Australia
Zosteracea Phyllospadix iwatensis Temperate West Pacific
Phyllospadix japonicus Temperate West Pacific
Phyllospadix scouleri Temperate East Pacific
Phyllospadix serrulatus Temperate East Pacific
Phyllospadix torreyi Temperate East Pacific
Zostera asiatica Temperate West Pacific
Zostera capensis South Atlantic
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Table 1.1 continued
Family Species Geographic distribution
Zostera capricorni South Australian
Zostera caulescens Temperate West Pacific
Zostera japonica Temperate West Pacific
Zostera marina N. Atlantic, Mediterranean,
W. and E. Pacific
Zostera mucronata South Australia
Zostera muelleri South Australia
Zostera noltii N. Atlantic and
Mediterranean
Zostera novazelandica New Zealand
Ruppiaceae Ruppia cirrhosa Insufficient data
Ruppia maritima Insufficient data
Ruppia megacarpa Insufficient data
Ruppia tuberosa Insufficient data
1.2 Seagrass Ecosystems
Seagrass ecosystems represent one of the most highly productive marine
ecosystems, with primary production values ranging from 500-3000 g C m-2 yr-1 (Johnson
et al., 2002). In addition to their basal position in the ecosystem as primary producers,
seagrasses act as ecological engineers by modifying their surrounding environment through
their physical presence (Jones et al., 1994).  The root systems of these marine angiosperms
trap fine muds and detritus, and their blades baffle sediment, both processes that concentrate
nutrients (Brasier, 1975; Jones et al., 1994). They also act as ecological engineers by
providing diverse habitats, for example blades that provide attachment sites, which appear to
enhance the diversity of infaunal, epifaunal, and nektonic organisms (Brasier, 1975).
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1.2.1 Infauna
Seagrass bed infauna is characterized predominantly by molluscs, especially
bivalves, but Oligochaeta, Polychaeta and crustaceans, such as copepods, ostracods, and
amphipods are common as well (Hemminga and Duarte, 2000).  Infaunal bivalves have two
feeding strategies: detritus feeders utilize the organic-rich sediment provided by seagrass
and associated macroalgae, whereas suspension feeders extend siphons into the overlying
water column to feed on plankton (Hemminga and Duarte, 2000).  Despite reduced flow
velocities in seagrass beds, many suspension feeders, such as the bivalve Mercenaria
mercenaria, actually have longer growth periods and sustain a higher body mass than do
specimens living in adjacent sand flats (Irlandi and Peterson, 1991).  Reduced predation in
seagrass beds apparently allows infaunal suspension feeders longer uninterrupted feeding
times (Irlandi and Peterson, 1991; Irlandi, 1994).  In addition, increased food supply due to
seagrass baffling as well as sediment stability may influence body sizes of infaunal
suspension-feeding bivalves in seagrass beds (Irlandi and Peterson, 1991).
1.2.2 Epifauna
Epifaunal organisms may either live on the seafloor, or attached to seagrass blades.
Once again, molluscs dominate the epifauna, and include both bivalves and gastropods
(Hemminga and Duarte, 2000).  Epifaunal bivalves, like their infaunal counterparts, utilize
several feeding strategies.  Gastropods also utilize a variety of feeding behaviors.  Although
the majority of gastropods feed on microalgae and detritus that is plentiful in seagrass beds
(i.e., Strombus), several predatory gastropods frequent seagrass beds, including Busycon
and Conus (Brasier, 1975).  Echinoids, especially the sea urchins Diadema, Tripneustes,
and Lytechnus, also are important members of the epifauna (Brasier, 1975).  Sea urchins are
very effective grazers that can reduce seagrass distribution as a result of their high level of
consumption (Heck and Valentine, 1995).
In addition to larger epifauna, a variety of smaller epifaunal organisms are
represented in seagrass ecosystems.  An abundant array of foraminifera live attached to
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seagrass leaves; these foraminifera are often very large (>5mm) with a discoidal shape
(Brasier, 1975).  Suspension feeders like annelids, bryozoans, and sponges may also live
attached to seagrass blades (Brasier, 1975).
1.2.3 Nektonic Fauna
The nektonic fauna comprises free-swimming organisms that include large aquatic
herbivorous mammals, sea turtles, carnivorous fish, and large crustaceans.  Because
nektonic organisms move freely among environments, seagrass may not be their only food
source.  For example the green turtle, Chelonia mydas, primarily feeds on seagrasses,
although they may consume algae, especially in areas where seagrass is scarce.  Like sea
urchins, sea turtles are able to modify seagrass beds  (Bjorndal, 1980).  The turtle Chelonia
mydas prefers to eat younger, more digestable seagrass blades, so they will graze
preferentially on previously grazed seagrass, keeping grass beds well cropped (Bjorndal,
1980).
Manatees and dugongs also are important members of the nektonic fauna in
seagrass beds.  Sirenians feed primarily on seagrasses, although dugongs may become
omnivores during winter and spring when seagrasses have lower nutritional value (Preen,
1995).  The fossil record indicates a close correlation between seagrass beds and sirenians,
as their fossils are often found in association with each other (Ivany et al, 1990; Domning,
2001).  Because of their large size and herbivorous habits, marine mammals may exert a
strong influence over their community (Bowen, 1997).  Overfishing and other anthropognic
activities, however, have resulted in population decline, exterpation, or extinction in species
of these large marine mammals, rendering them ecologically extinct in most seagrass
ecosystems worldwide (Jackson, 1997).
1.3 Seagrass Distribution Through Time
1.3.1 Cretaceous
Seagrasses are thought to have evolved during the late Cretaceous, approximately
30-45 million years after the emergence of modern angiosperms (Brasier, 1957; Eva, 1980;
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Hemminga and Duarte, 2000). However, these early  “seagrasses” may not have been well
adapted to marine life, as suggested by the occasional close proximity of their fossil
occurrences with fossils of terrestrial angiosperms and cycads (Brasier, 1975).  The oldest
fossils of seagrass-like angiosperms can be found as imprints and silicified remains in
Cretaceous rocks of Japan and northern Europe (Brasier, 1975).  The present-day
distribution of Zostera in temperate waters of both the northern and southern hemispheres
suggests evolutionary origination during the Cretaceous in the Tethyan region (Brasier,
1975).  Foraminiferal assemblages also support this hypothesis, as many Cretaceous
Tethyan deposits contain foraminifera that display morphologies similar to the
morphologies of modern foraminifera adapted to living in seagrass beds.  The Cretaceous
foraminifera used to infer the presence of seagrass beds include Broeckina, Edomia,
Qataria, and Pseudedomia (Brasier, 1975).  The Cretaceous foraminifer Chubbina has a
similar morphology and may have been a seagrass bed resident (Eva, 1980).  Chubbina has
been found in late Cretaceous deposits of Jamaica, Mexico, Florida, and Cuba, suggesting
that seagrass was restricted to the northern Caribbean during the late Cretaceous (Eva,
1980).
1.3.2 Paleocene-Eocene   
Fossils of the extant seagrass genera Cymodocea and Posidonia have been
recognized in lower Eocene deposits of the Paris Basin (Brasier, 1975). The large
foraminifera Orbitolites appeared during the Eocene and, based on comparison with extant
relatives, is inferred to have lived within seagrass beds (Brasier, 1975).  The presence of
Orbitolites suggests seagrass beds existed in the Northern Atlantic during the middle and
late Eocene (Brasier, 1975).  Orbitolites also appears in the Eocene of Somalia, Pakistan,
and Tibet (Brasier, 1975).  This formainiferal evidence indicates that seagrasses had at least
colonized the entire Tethyan region by the Eocene.
11
Figure 1.2:  Illustration of ecological niches often represented in seagrass beds.
Modified from Brasier, 1975.   
An exceptionally preserved fossil seagrass bed has been reported from Late Middle
Eocene deposits of Florida (Randazzo and Saroop, 1976; Lumbert et al., 1984; Ivany et al.,
1990).  Six species of seagrasses have been identified from the carbonized imprints found
in the Avon Park Formation, indicating that seagrasses were well established in the western
hemisphere by the middle Eocene (Lumbert et al., 1974).  In addition to the Avon Park
Formation of Florida, specimens of a foraminifera species similar in structure to Orbitolites
are common in the Eocene deposits of Jamaica, Panama, and Nicaragua (Eva, 1980).  Their
morphology suggests an epiphytic life habit similar to that of modern foraminifera that live
attached to seagrass blades (Eva, 1980).  Their presence in Nicaragua and Panama suggests
that seagrasses spread to the southern Caribbean during the Eocene (Eva, 1980).
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1.3.3 Oligocene
The extinction of many large foraminifera at the Eocene-Oligocene boundary makes
it difficult to assess the distribution of seagrasses during this time interval (Brasier, 1975;
Eva, 1980).  Fossil remains of the seagrass Cymodocea have been reported from the Isle of
Wight, but no other evidence of Oligocene seagrasses has been reported (Brasier, 1975).
1.3.4 Miocene
The climate and distribution of the continents in the early-to-middle Miocene
allowed for seagrasses to greatly expand their geographic ranges.  Thalassia, Syringodium,
and Halodule are thought to have spread from the Neotropics to the west coast of Africa
during the Miocene (Brasier, 1975).  The Thalassia-Syringodium-Halodule association
probably colonized the Northern Pacific during the Miocene as indicated by the appearance
of the foraminifera Marginopora, which lived on seagrasses during the Miocene (Brasier,
1975).
1.3.5 Plio-Pleistocene
Colonization of the higher latitudes of North and South America by Zostera
probably occurred during the Pliocene, before the glaciations of the Pleistocene restricted
migration into high latitudes (Brasier, 1975).
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Previous Work
2.1 Taphonomy and Taphofacies
The subdiscipline of paleontology known as taphonomy was first introduced by
Efremov (1940) as the study of “the laws of embedding,” including the lithology of
fossiliferous rocks and the processes of fossilization.  Taphonomy has largely been used
as a tool by paleobiologists to aid in understanding biases of the fossil record.
Taphonomic studies have focused on preservational and stratigraphic biases (Sepkoski,
1975), differential preservation (Lasker, 1978), and time averaging (Carroll et al., 2003;
Goodwin et al., 2004).
In addition to its role in understanding the restrictions of the fossil record,
taphonomic studies have made important contributions to the interpretation of
depositional environments.  Taphonomic facies, otherwise known as taphofacies, are
suites of fossils in sedimentary rocks that are defined by certain preservational
characteristics (Brett and Baird, 1986; Brett and Speyer, 1990).  These characteristics
may include, but are not limited to, fragmentation, dissolution, abrasion, disarticulation,
bioerosion, and orientation.  The utility of each character may vary with environment,
adding to the complexity of taphofacies analysis (Brett and Baird, 1986).
Brett and Baird (1986) and Speyer and Brett (1986) initially used taphofacies to
broadly define environments based on energy regimes, water depth, and sedimentation
rate.  Fürsich and Flessa (1987) used modern shell assemblages to define taphofacies, but
at a much higher resolution.  These high-resolution studies of the taphonomy of tidal flat
molluscs demonstrated that taphofacies could be used to detect small-scale changes in
habitat (Fürsich and Flessa, 1987).   Meldahl and Flessa (1990) and Parsons and Brett
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(1991) continued these high-resolution, actualistc studies by utilizing recent coastal shell
deposits to summarize the taphonomic characteristics indicative of temperate-shelf and
carbonate-reef environments, respectively.
Taphofacies are regularly used to interpret paleoenvironments.  Taphofacies have
been defined for and used to identify outer and inner-platform environments, (Wani,
2003; Yesares-García and Aguirre, 2004) reef environments (Greenstein and Pandolfi,
2003), beach environments (Aguirre and Farinati, 1999), and even terrestrial
lacustrine/fluvial environments (Brand et al., 2000).  The wide use of taphofacies as
environmental indicators, combined with the conclusions of Kidwell and Bosence (1991)
and Kidwell and Flessa (1995) that shell preservation reflects original habitat and shells
are rarely transported out of their original habitat, sets the precedent for this research.
Parsons and Brett (1991) suggest that seagrass beds have a unique taphonomic
signature based on observations of modern molluscs from grass beds near St. Croix, US
Virgin Islands.  Cottrell (1974) recognized rhizome etchings on fossil shells, a form of
bioerosion also observed by Parsons and Brett (1991), and inferred to be associated with
seagrass.  Root etchings have also been identified in relict shoreline deposits, suggesting
that they also occur in environments where the roots of terrestrial plants come into
contact with carbonate bioclasts (Anderson et al, 1998).  In addition, Johnson (2003)
suggests that fossil molluscs from an inferred seagrass bed have a taphonomic signature
significantly similar to that of a modern seagrass bed.  These studies suggest that
delineating a taphofacies for seagrass beds is possible.  These previous studies, however,
lack the scope required to create a proxy that is universal in application.  In addition, a
systematic, statistically rigorous study of taphonomic traits observed will increase our
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understanding of the intricacies associated with delineating a taphofacies for this unique
and complicated environment.
 2.2 Seagrass in the Fossil Record
Seagrass body fossils are rare in the fossil record.  Notable exceptions include the
Eocene Avon Park Formation in northwest Florida (Randazzo and Saroop, 1976; Ivany et
al., 1990), the Eocene of the Paris Basin, and the Cretaceous of northern Japan and
Europe (Brasier, 1975).  This lack of body fossils requires the use of proxies in order to
identify paleoseagrass environments; to date, these proxies have included faunal
assemblages and sedimentology.
Foraminiferal assemblages are commonly used to infer the presence of seagrass in
the fossil record (Brasier, 1975; Eva, 1980; Green, 2002).  Criteria used to denote
foraminifera as “seagrass dwellers” include both taxonomy and morphology.
Foraminifera related to modern taxa that live on seagrass blades, or within seagrass beds,
are often used to infer the presence of seagrass (Brasier, 1975; Eva, 1980). In addition, a
large, discoidal shape is thought to be an adaptation to an epiphytic lifestyle (Brasier,
1975; Eva, 1980).  Faunal assemblages of other marine groups have also been linked to
seagrasses, including arborescent bryozoans, molluscs, fish (otoliths), and sirenians (Petta
and Gerhard, 1977; Bretsky, 1978; Domning, 1981; Cheetham and Jackson, 1996; Green,
2002).  
 Seagrasses have the ability to baffle and bind sediments, and a unique
sedimentological signature--fining upwards sequences caused by blowout migration-- has
been attributed to seagrass-dominated environments (Scoffin, 1970; Wanless, 1981).  The
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abundance of fine-grained sediments associated with seagrass environments has also been
used to infer ancient seagrass beds, although not successfully (Petta and Gerhard, 1977).
Deducing the presence of ancient seagrass beds using faunal assemblages and
sedimentologic profile are not infallible.  Petta and Gerhard (1977) deduced that the
carbonate lenses forming “tepee buttes” of the Cretaceous Pierre Shale in Colorado
represented shallow-water seagrass beds.  The authors inferred that the carbonate mud
comprising the teepee structures was generated by the dissolution of seagrass epibionts
and then bound in place by extensive seagrass rhizomes. The presence of several
herbivorous gastropods and burrowing bivalves within these sediments provided further
support for their interpretations.  In a later paper Bretsky (1978) supported their
conclusions referring to the presence of lucinid bivalves, which she believed also
indicated a seagrass environment. As information about deep-water hydrocarbon seeps
became available, however, and further geochemical and paleoecological research was
completed, it became evident that these anomalous limestone structures actually
represented fossil hydrocarbon seeps (Bottjer et al., 1995).  Although this mistake is
understandable, it illustrates the difficulties in identifying fossil seagrass environments,
and exemplifies the need for a more universal proxy.
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Study Area
Sampling of Recent seagrass beds and adjacent environments took place in four
geographic localities in order to account somewhat for the wide geographic and
environmental distribution of seagrasses.  These regions represent both tropical and
subtropical climates, as well as carbonate and siliciclastic depositional regimes.
Table 3.1:  Matrix of Recent sampling localities listing climatic zone and sediment type
of each locality and number of samples collected at that locality
Tropical Subtropical
Carbonate San Salvador Island,
Bahamas, 4
Florida Keys, 2
Siliciclastic Laguna de Términos,
Mexico, 2
Florida Gulf Coast, 3
 
In addition to Recent samples, samples were collected from two putative seagrass
fossils localities.  One sample, collected from the Upper Eocene Moodys Branch
Formation of northern Louisiana comes from a deposit dominated by siliciclastic clay
sediments, while the other sample comes from a carbonate coquina deposit from an
unnamed Pleistocene unit in Panama.
3.1 San Salvador Island, Bahamas
San Salvador Island represents a tropical setting dominated by carbonate
sediments.  Samples of both seagrass beds and non-seagrass environments were collected
from two localities on San Salvador Island: French Bay and Pigeon Creek.
3.1.1 French Bay
French Bay (Figure 3.1) is a large bay (approximately 2 km wide) on the
southwestern tip of San Salvador Island. Several patch reefs, as well as extensive
seagrass beds, are present.  Two sediment samples were taken from the French Bay
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locality; one sample from within a dense Thalassia bed in approximately 0.5 m of water;
another sample from high-tide lag deposits on the adjacent beach.
3.1.2 Pigeon Creek
Pigeon Creek is a tidally influenced inlet on the southeastern end of San Salvador
Island.  Seagrass beds are common in the subtidal areas of Pigeon Creek, whereas
callianassid mounds dominate the intertidal areas. Two sediment samples were taken
from Pigeon Creek; one sample from Thalassia beds in shallow water at the northern end
of Pigeon Creek, and the other from a sandy channel at the southern end of the inlet
where Pigeon Creek empties into Snow Bay.




The Florida Keys (Figure 3.2) represent a subtropical, carbonate dominated
environment.  Samples from seagrass beds were collected at Big Torch Key and Ohio
Key.
3.2.1 Big Torch Key
Big Torch Key is located near the western end of the Florida Keys archipelago.  It
is a part of the National Key Deer Refuge and, therefore, human impact is minimal.  The
seagrass bed sampled from Big Torch Key was in a low energy, shallow environment.
There was sparse seagrass coverage at the area sampled; Ruppia was the only grass
observed.
3.2.2 Ohio Key
Ohio Key is also located near the western end of the Florida Keys.  Ohio Key is
relatively small (approximately 0.5 km wide), and like Big Torch Key, human impact is
relatively low as the only tourist attraction is a campground.  The seagrass sample was
collected from a Thalassia-dominated seagrass bed off the eastern end of Ohio Key in the
Ohio-Missouri channel.
3.3 Laguna de Términos, Mexico
Laguna de Términos, Mexico (Figure 3.3), located on the Yucatan Peninsula, is a
tropical lagoon dominated by siliciclastic sediments.  One sample from this locality was
collected from inside a seagrass bed on the eastern end of Isla del Carmen in
approximately 0.5 m of water.  The other was taken from a muddy area where seagrass
rhizomes were present, but seagrass was not currently growing.  This muddy area, also in
approximately 0.5 m of water, lies to the south of Isla del Carmen.
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Figure 3.2:  Map of the Florida Keys showing location of Big Torch Key and Ohio Key.
Sampling localities are marked with stars.
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Figure 3.3: Map of Mexico showing location of Laguna de Términos, Gulf of Mexico.
The stars mark the two collection localities.
3.4 Florida Gulf Coast
The collection localities on Florida’s Gulf Coast represent a subtropical,
siliciclastic-dominated setting.  The extensive coastal regions of Florida contain a variety
of environments.  Sediment samples were collected from two major localities: Manasota
Key and Pine Island.
3.4.1 Manasota Key and Lemon Bay
Manasota Key is located off the western coast of Florida in the Gulf of Mexico.
The western coast of Manasota Key is exposed to high wave energy, and is lined with
white, quartz sand beaches.  A beach sample was collected from the swash zone of
Manasota Key Beach.   Lemon Bay lies between Manasota Key and the Florida
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mainland. Lemon Bay is a shallow, low energy environment, with a man-made channel
running north-south through the bay.  Human impact is high, with boat traffic and other
recreational sports common.  The shoreline is also very developed; apartment complexes,
marinas, and hotels dominate the shoreline.   During low tide, extensive Thalassia flats
are exposed in Lemon Bay.  The sediment sample for this locality was collected from one
of these dense Thalassia beds.
3.4.2 Pine Island
Pine Island is also located off the western coast of Florida, south of Manasota
Key.  Pine Island is bordered on the west by Pine Island Sound, which is protected from
the high wave energy of the Gulf of Mexico by several barrier islands.  The southern end
of Pine Island Sound is an aquatic preserve frequented by manatees, dolphins, and sea
turtles.  Unlike Manasota Key, mangroves instead of beaches dominate the western coast
of Pine Island.  Seagrass beds are abundant in Pine Island Sound.  The sediment sample
was collected from a sparsely vegetated, mixed Thalassia-Ruppia seagrass bed at this
locality.
3.5 Fossil Seagrass Beds
3.5.1 Eocene, Moodys Branch Formation, Copenhagen, Louisiana
One putative fossil seagrass facies sampled was the Heison Landing locality of
the Upper Eocene Moody’s Branch Formation.   Heison Landing, located in Caldwell
Parish Louisiana, lies between the town of Copenhagen and the Ouachita River. At this
locality 12 m of the Yazoo Clay is exposed, and is underlain conformably by 5 m of the
Moody’s Branch Formation.  The Yazoo Clay is primarily a tan to gray fossiliferous clay,
whereas the Moody’s Branch Formation is a dark, blue-gray, fossiliferous, phosphate
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rich, sandy clay.   Analysis of foraminifera and otolith assemblages collected from the
Moody’s Branch Formation indicates deposition in a shallow, low energy, seagrass bed
(Green, 2002).
Figure 3.4: Map of Florida, showing Manasota Key and Pine Island.  The stars indicate
collection localities.
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Figure 3.5: Map of Louisiana showing location of Caldwell Parish and Heison Landing
locality of Moodys Branch Formation sampled for this study. The star indicates sampling
locality.
3.5.2 Unnamed Pleistocene Unit, Colon Island, Bocas del Toro, Panama
The second presumed fossil seagrass facies sample comes from Colon Island,
Bocas del Toro archipelago, Panama near the city of Bocas del Toro.  This sample was
collected from an unnamed, Pleistocene-aged coquina and correlates with the Panama
Paleontology Project samples 52 and 53.  The molluscan and echinoid faunal assemblage
present in the Pleistocene sample is similar to the extant faunal assemblages observed in
the seagrass beds of Panama’s coastal areas, suggesting an ancient seagrass community
(Travis Smith, personal communication).
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Figure 3.6: Map of Panama showing location of unnamed Pleistocene unit sampled on




Thirteen bulk or sieved samples were collected from each of 10 localities.
Samples from modern environments were taken from the upper 10-20 cm of the substrate
in an effort to minimize temporal mixing.  In addition, where possible, seagrass samples
were taken from Thalassia beds, because Thalassia is believed to be a climax community
(Patriquin, 1975) ensuring that seagrass had been present for a substantial period of time,
and therefore, that the molluscs collected from the sub-fossil deposits had lived in
association with seagrass.
Samples collected where it was practical to wash them in the field were sieved on
4 mm and 1 mm screens at the sampling site, with both of these size fractions retained.
Other samples, including fossil samples and Recent samples collected from San Salvador
Island, were collected initially as bulk samples, and washed on 4 mm and 1 mm screens
in the lab.  For this study bioclasts larger than 4 mm were used in taphonomic analysis to
ease identification and characterization of shell taphonomy.  (See Best and Kidwell, 2000
for discussion of shell size and taphonomic alteration.)  Shells were sorted to genus
before being evaluated for their taphonomic signature.  In cases where species were
readily identified and distinguished, shells were sorted to species. Only bivalve shells
with a beak and gastropod shells with a spire were selected from each sample, ensuring
that a single individual was not counted several times.  Recent and Pleistocene shells
were identified using Abbott and Morris (1995) and Morris (1975). Dockery (1980) and
Toulmin (1977) were used to identify Eocene-aged shells.
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4.2 Taphonomic Evaluation
The taphonomic alteration of the four most abundant taxa of both bivalves and
gastropods (eight taxa total) were evaluated, except for the Pleistocene sample from
Bocas del Toro, Panama, for which only bivalves were available. In cases where there
were a large number of specimens of a given taxon present, the sample was randomly
split, using a sample splitter, to approximately 100 individuals. Paradigm individuals for
each taxon were established to represent each category (low, moderate, or high) for each
of the following taphonomic characteristics: encrustation, bioerosion, abrasion,
dissolution, fragmentation, edge chipping, and edge rounding (see Table 4.1).  Each
individual was assigned to a category for each taphonomic characteristic through
comparison with the paradigms (methodology of Kowaleski et al., 1995).  Other
observations, including whether or not valves were articulated, types of bioerosion, and
the identity of encrusting organisms also were made.
4.2.1 Encrustation
Taphonomically important encrusters whose hard-parts have the potential to be
preserved in the fossil record include bryozoans, serpulid worms, foraminifera, corals,
barnacles, and coralline algae (Parsons and Brett, 1991; Perry, 2000; McKinney, 2004).
Differential amounts of encrustation among bioclasts within the same environment may
be caused by differences in surface ornamentation, mineralogical differences, and
physical stability of bioclasts (Parsons and Brett, 1991; McKinney, 2004).  Encrustation
of bioclasts among environments may vary greatly due to differences in energy or
disturbance frequency, sedimentation rates, light intensity, and sediment reworking
(Parsons and Brett, 1991; Perry, 2000).  The proximity and extent of hard substrates also
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apparently affects the amount of encrustation observed in an area (Best and Kidwell,
2000; personal observation, 2004).  In addition, Perry (2000) found that in association
with reefs, encrustation of bioclasts is more common in seagrass environments than any
other back-reef environment.  Figure 4.2 illustrates some of the more common encrusters
observed on shells in this study.
4.2.2 Bioerosion
Bioerosion refers to the destruction of hard substrates through the activities of
organisms, usually in search of either food or shelter, and may take the form of raspings,
borings, etching, breakage, and abrasion of the substrate in question (Figure 4.1B and
Figure 4.3). The results of bioerosion qualify as trace fossils and can be important in
paleocological reconstructions (Bromley, 1981; Bromley et al., 1990; Bromley, 1999).
Some important bioeroders that leave grazing traces are fish, polychaetes, molluscs, and
sea urchins (Parsons and Brett, 1991).  These bioeroders scrape or grind the hard
substrate in order to graze on the algae living on the surface (Parsons and Brett, 1991).
Grazing traces made by gastropods may prove to be useful in identifying the type of
gastropod responsible by comparing grazing traces to radular morphology  (Morris and
Hickman, 1981; Hickman and Morris, 1985).  However, because grazing activity results
in the loss of shell material, many grazing traces are unrecognizable (Parsons and Brett,
1991).
In contrast to the grazing record, bioeroding borers leave a record that is readily
preservable, and easily recognized (Parsons and Brett, 1991). Many of the same taxa that
leave grazing traces, including gastropods and polychaetes, may also leave borings in
shells (Figure 4.3A) (Stearley and Ekdale, 1989; Parsons and Brett, 1991;
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Table 4.1: Taphonomic features examined on each bioclast in each sample.  Modified
from Parsons and Brett, 1991; Anderson et al., 1998, and Henderson et al., 2002.




































































































































































































































































































































































































































































































































Figure 4.1: Illustration of taphonomic characters used to describe shells in this study. A,
encrustation; B, bioerosion; C, abrasion; D, dissolution; E, fragmentation; F, edge
chipping; G, edge rounding.  Scales shown are in millimeters.
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Figure 4.2: Common encrusting organisms. A, serpulid worm; B, encrusting foraminifer
Sagenina; C, D, encrusting foraminifer Planorbulina.
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 Bromley, 1999).  Other important borers include algae, sponges, bivalves, and
brachiopods (Warme and Marshall, 1969; Bromley et al., 1989; Stearley and Ekdale,
1989; Parsons and Brett, 1991; Bromley, 1999). Many of these borers use chemical
means to remove carbonate material (Parsons and Brett, 1991; Bromley, 1999).  Common
borings include Entobia (Figure 4.3C), which is recognized by its numerous passages and
apertures, and is formed by clinoid sponges, and Trypanites, which is a single cylindrical
boring that varies in depth and diameter and is made by polychaetes, crustaceans, or
echinoids (Bromley, 1999).
Traces of predation also can be classified as bioerosion.  Traces of predation may
be recognized by the presence of the trace fossil Oichnus (Figure 4.3A), a circular hole
usually associated with predatory gastropods including the Naticidae, Muricidae,
Tonnacea, Capulidae, Nudibrachia, and Pulmonata (Bromley, 1981).  Predation by
duraphagous crabs may also be classified as bioerosion, and can be recognized by the
chipping of a gastropod shell around its aperture (Bromley, 1999).
Shell etching (Figure 4.3B) is a less common type of bioerosion, and occurs when
roots or rhizomes, in this case of seagrass, come into contact with a carbonate shell
(Parsons and Brett, 1981).  Etching occurs because the metabolic processes of the plant
create locally corrosive pore waters that cause slight dissolution of the shell at the point
of contact.
4.2.3 Abrasion
Abrasion is the process by which shell material is lost due to friction with
surrounding sediment particles (Parsons and Brett, 1991).  The energy level of the
depositional environment is the most important factor affecting abrasion (Parsons and
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Brett, 1991).  However, shell morphology itself affects how abrasion is manifest
(Driscoll, 1967).  Smaller, more delicate shells are fragmented through abrasion more
rapidly than are large, massive shells (Driscoll, 1967). In addition, the surface area per
unit weight of a shell may affect its vulnerability to abrasion (Driscoll, 1967). In both
laboratory simulations and in natural settings, shells with a higher surface area per unit
weight (i.e., more ornamentation) displayed a higher susceptibility to abrasion than did
shells with a lower surface area per weight exposed to the same environmental regime
(Driscoll, 1967; Driscoll and Weltin, 1973).
Abrasion can be recognized by the loss of surface ornamentation and details of
the shell (Parsons and Brett, 1991).  Abrasion may also lead to chipping of the edges of
the shell, fragmentation of the shell itself, and rounding of broken surfaces.  The
processes of abrasion often leave shells with a ‘frosted’ or glassy appearance (Driscoll
and Weltin, 1973).  During abrasion the shells of gastropods may become perforated,
especially in the spire or at the apex (Driscoll and Weltin, 1973).  Abrasion usually
begins near the umbo in bivalves (Parsons and Brett, 1991).  The characteristic qualities
of abrasion may be similar to the results of dissolution, rendering it difficult to
distinguish between the two in some cases.
4.2.4 Dissolution
Dissolution, or the destruction of carbonate shell material by chemical
breakdown, occurs when the surrounding pore waters are undersaturated with regard to
Ca2+ or CO3- ions. Observation of dissolution, elevated Ca2+ concentrations, and rates of
recrystallation of CaCO3, all point to dissolution in shallow marine waters as an
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Figure 4.3: Types of bioerosion. A, Oichus, drillhole of predatory gastropod; B, etchings
left by roots or rhizomes of marine plants; C, Entobia, network of borings made by a
clinoid sponge; D, algal borings; F, traces left by Cheilostome bryozoans; G, raspings
made by herbivorous gastropods. Scales are in millimeters unless otherwise noted.
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important early diagenetic process (Aller, 1982; Walter and Burton, 1990; Walter et al.,
1993; Ku et al, 1999).  In fact, quantitative studies on the rate of carbonate shell
dissolution have estimated that in modern sediments dissolution may exceed 1000 g
CaCO3•m-2yr-1 (Davies, et al., 1989).
Decomposition of organic matter appears to be one of the most important
mechanisms for carbonate dissolution (Walter and Burton, 1990).  In areas of high
productivity, typical of many seagrass bed environments, decomposition of organic
matter is especially important.  As organic matter decomposes it produces carbonic acid:
CH2O + O2 ’ H2CO3
The introduction of carbonic acid into pore waters can lead to carbonate dissolution,
following the reaction:
CaCO3 + H2CO3 ’ Ca2+ + 2HCO3-
In addition, oxidation of organics can lead to an increase in the pCO2 of the pore waters,
which causes the pore water to become undersaturated with regard to the carbonate ions,
and promotes dissolution (Ku et al., 1999).
The introduction of oxygen into anoxic subenvironments also appears to be an
important mechanism for carbonate dissolution in shallow shelf environments (Walter
and Burton, 1990).  Tropical, shallow shelf environments often support a variety of
burrowing infauna, making this especially relevant to carbonate dissolution in these
environments (Walter and Burton, 1990).  The oxidation of sulfide frees a hydrogen
atom, decreasing the pH of the system, as shown in the following equation:
2O2 + HS- ’ SO42- + H+
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However, this reaction is likely to occur only adjacent to burrows, as the overall
chemistry of the sediments represents a reducing environment, and therefore probably
only accounts for a small amount of carbonate dissolution (Walter and Burton, 1990).
In addition to these two mechanisms for carbonate dissolution, which can occur in
both terrigenous and carbonate environments, several authors suggest another
mechanism, unique to sediments with low iron content (Walter and Burton, 1990; Walter
et al., 1993; Ku et al., 1999).  The reduction of sulfate, as discussed in the terrigenous
environment section, results in the production of both H2S and HCO32-.  In an
environment where iron is present, the production of HCO32- is the important process, as
the weak acid H2S will quickly be used to form FeS2 (Walter and Burton, 1990; Walter et
al., 1993; Ku et al., 1999).
SO42- + 2(CH2O) ’ H2S +  2HCO32-
Fe2O3 + 4S2-(mostly from H2S) +  6H+’ 2FeS2 + 3H2O + 2e-
However, in environments where a lack of iron precludes the second reaction from
occurring, H2S will accumulate in the pore waters, buffering the solution at a pH of
between 6.6-6.9 (Walter and Burton, 1990; Walter et al., 1993; Ku et al., 1999).  In
contrast, precipitation of FeS2, and consequent removal of H2S, has been documented to
increase pH by 1 unit (Walter and Burton, 1990).  This process is more relevant for
carbonate environments as they are often poor in iron (Walter and Burton, 1990; Walter
et al., 1993; Ku et al., 1999).
Chemical dissolution may often be confused with the effect of microbial activity.
After death of an organism, microbial agents may attack the shell, digesting the organic
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matrix that surrounds the calcium carbonate crystallites (Glover and Kidwell, 1993).  The
disassociation of these crystallites due to the loss of the organic matrix holding them
together has an appearance similar to the effect of chemical dissolution (Glover and
Kidwell, 1993).  Both can cause pitting of the surface, chalkiness, and loss of color
and/or luster (Parsons and Brett, 1991; Glover and Kidwell, 1993).  Differentiation
between purely chemical dissolution and bacterially induced disassociation is difficult
without the use of a SEM.  Therefore, I will refer to both processes as dissolution for this
study.
The early stages of carbonate dissolution, or maceration, impart a ‘chalky’
appearance to shells as the original shell material is lost; loss of original color may also
occur in the beginning stages of dissolution (Alexandersson, 1979; Parsons and Brett,
1991).  Dissolution may also lead to a loss of surface texture.  Pitting of the shell surface
can indicate more extensive dissolution, which leaves the shells perforated, not unlike the
process of abrasion; intense dissolution ultimately leads to the complete destruction of the
shell (Parsons and Brett, 1991).
4.2.5 Fragmentation
Shell fragmentation or breaking can occur in several different ways.  Breakage
may be influenced by environmental energy, through impacts with other shells, rocks or
waves, or by ecological interactions, like shell-breaking predation and bioturbation
(Zuschin et al., 2003).  Additional influences like dissolution, abrasion, compaction and
sample handling may also contribute to the degree of fragmentation observed in a sample.
In a few cases fragmentation can be diagnostic, as in the case of gastropod shells that
have been peeled by predatory crabs, however in most cases it is impossible to determine
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the cause of shell breakage.  In cases where fragmentation was diagnostic it was counted
as both fragmentation and bioerosion.
In general, fragmentation is associated with high-energy environments such as
beaches and tidal channels (Parsons and Brett, 1991), although Best and Kidwell (2000)
observed high levels of fragmentation in all environments, even those with low energy.
Fragmentation, as it is affected by dissolution and abrasion, may also be useful in
determining the length of time a shell spent in the taphonomically active zone (TAZ)
(Parsons and Brett, 1991).
4.2.6 Edge Chipping
Edge chipping, like fragmentation, also can be attributed to different factors.
Some chipping can be attributed to predation, for example, some predatory gastropods
pry open their bivalve prey instead of drilling (Zuschin et al., 2003).  Chipping may also
be due to environmental energy and impacts with hard objects.
4.2.7 Edge Rounding
Edge rounding occurs either when abrasion or dissolution causes the broken edges
of a shell to become rounded, and may be an indication of time in the TAZ (Parsons and
Brett, 1991).
4.3 Ternary Taphograms
After shells were classified (low, moderate, high) for the taphonomic characters
listed above, the number of shells in each grade was calculated and ternary taphograms
were created following the technique of Kowaleski et al. (1995) and using the software
JMP 3.0.1.  Ternary taphograms were chosen for this study because of their ease in
construction and their utility in providing a visual comparison among different samples.
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4.4 Multivariate Statistical Analyses
To test if different environments can be distinguished based solely on observed
taphonomic traits, a Canonical Discriminant Analysis (CDA) using SAS version 9.1 was
performed. CDA separates populations from each other using individual values for the
variables measured.  CDA creates a linear combination of weighted variables (in this case
the taphonomic characters), called functions, that describes algebraically the best way to
separate the mean vectors for populations (in this case environments) being analyzed
(Johnson and Wicherson, 1992).  The relative contribution of each variable for a given
function is indicated by the absolute value of the coefficient (i.e., a variable with a
coefficient of 0.5 contributes to the discriminant function more than a variable with the
value of 0.09) (Rencher, 1992).
In order to perform the CDA, a dataset was constructed using all modern bioclasts
analyzed, a total of 5,954 gastropod and bivalve shells.  Four environments (populations)
were recognized (grass bed, sparse grass, beach, channel).  Data consisted of the
classification (low, moderate, high) for each taphonomic character for each bioclast. For
the purpose of this analysis a classification of L=1, M=2 and H=3.
In addition to performing a CDA, an assignment test also was performed.  The
purpose of this procedure was to test if the fossil samples could be assigned correctly to
an environment based on their taphonomic features.  The assignment test is similar to the
CDA in that it constructs functions whose components are weighted variables.  However,
unlike the CDA, these functions are used to assign individuals of an unknown population
to one of the known populations (in this case beach, channel, grass bed, sparse grass).
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The assignment test was carried out non-parametrically, which means that a
normal distribution of the data was not assumed.  The nearest neighbor technique for
classification of individuals from an unknown population was used with k=40.  Bin sizes
for known populations were set proportional to samples sizes.  The error rate (or percent
misclassification) was estimated using a cross validation procedure that assigns
individuals from the original dataset to a population using the functions generated by the
assignment test.  Error rates can be determined by examining how often individuals from
a known population are misclassified.
Assignment tests were performed on both of the fossil samples.  The Eocene
sample collected from the Moodys Branch Formation contained 406 individuals.  The





An investigation of the data utilizing ternary diagrams showed that single
taphonomic features were not particularly diagnostic of seagrass environments (Figure
5.1).  Most samples, regardless of their environment, have a low level of encrustation.
Bioerosion is greater in seagrass beds than in environments with sparse grass coverage or
beaches.  In addition, a difference in bioerosion between the two fossil samples is
evident.  Abrasion is more pronounced on shells from beach environments and, in
addition, areas of sparse grass coverage as well as the channel deposit demonstrate less
evidence of abrasion than do shells in more dense seagrass beds.  In this plot, both fossil
deposits display a similar degree of abrasion, falling between seagrass bed and sparse
grass environments. Dissolution displays a wide range of values, with no visible pattern
differentiating environments.  Fragmentation and edge chipping also exhibit no pattern
for discrimination.  Highly rounded edges are much more common in beach samples than
in samples from other environments.
5.2 Carbonate vs. Siliciclastic Depositional Settings
In addition to comparing the taphonomy of shells from different environments,
ternary diagrams also were constructed to examine differences in shell taphonomy
between seagrass beds in carbonate and siliciclastic depositional settings (Figure 5.2). As
seen in Figure 5.2, there is no consistent difference in encrustation levels between
samples collected from carbonate settings and samples collected from siliciclastic
settings.  Bioerosion may be more common in carbonate settings than in siliciclastic
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settings, and it appears that bioerosion is less common in sparse grass environments of
both depositional regimes.  In contrast, the level of abrasion is higher in siliciclastic
regions, and once again sparse grass environments of both sediment types display a lower
level of abrasion.  The level of dissolution does not appear to be affected by the dominant
sediment type, nor does the degree of edge rounding. Both fragmentation and edge
chipping appear to occur at higher rates in dense grass beds of siliciclastic sediments than
in dense grass beds of carbonate settings, however, sparse grass beds do not follow this
pattern.
5.3 Multivariate Statistical Analyses
5.3.1 Canonical Discriminant Analysis
CDA produced three canonical functions that separate the four environments
represented in the Recent samples.  The test statistics indicate that all three of the
functions are required to distinguish among the environments (p < 0.0001 for each
function).
CDA also determines which variables are more important for defining
depositional environments. The list of pooled standardized canonical coefficients shown
in Table 5.1 indicates that abrasion and edge rounding are among important variables for
all functions.  Other variables are very important for one function, but less important in
others (i.e., bioerosion).  Figure 5.3 shows the first canonical function on the y-axis and
the third canonical function on the x-axis. This graph shows a separation of individuals
from beach environments from the other environments. Individuals from dense grass
environments and sparse grass environments cluster towards the bottom of the graph,
while individuals from the channel environments are dispersed throughout the graph.
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Figure 5.2: Ternary taphograms comparing the taphonomic characters of seagrass beds








As most of the separation of environments is seen along the y-axis this differentiation is
probably based on the variables important for canonical function one, in particular edge
rounding and abrasion.  Individuals from sparse grass environments appear to cluster
around a value of –1 or 0 on the x-axis, whereas individuals from dense grass beds do not
cluster in that region of the graph.  This might be due in part to differences in bioerosion,
an important variable for canonical function three.
Table 5.1: Table listing coefficient values of each canonical discriminant function for
each of the seven taphonomic characteristics.  Larger absolute values indicate a greater
weight in the function.








Encrustation 0.1075606946 0.1632722804 0.0343208768
Bioerosion -.0686456769 -.0189591085 0.8432568531
Abrasion 0.4482613174 0.3551512682 0.3707425137
Dissolution -.4188965132 0.6702617161 -.1409453371
Fragmentation -.1243847337 0.2037448896 0.2654908840
Edge Chipping -.0432248278 0.4522329071 -.4158699950
Edge Rounding 0.8641785775 -.2863194392 -.2346224221
Taphonomic differences between and among environments are more pronounced
if individuals with common morphology and microstructure are compared (Figure 5.4).
Separation among genera collected from different environments is caused by differences
in edge rounding, abrasion, and dissolution, the variables most important for canonical
function 1. Because the degree of alteration observed for these taphonomic characters
may be greatly influenced by the morphology and microstructure of a bioclast, it is not
surprising that there is a more apparent separation of groups from different environments
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Figure 5.3: Graph of first canonical function against third canonical function of CDA.
when these groups are viewed in the context of their taxonomic affinities.  It is interesting
to note that individuals from beach environments commonly display the highest values,
indicating higher degrees of edge rounding and abrasion, while individuals from sparse
grass environments display the lowest values, indicating a low degree of edge rounding
and abrasion.  In addition, it is interesting to note that the median values for the channel
environments vary greatly among genera.  In contrast, the median values for other
environmental groups, especially dense grass and sparse grass environments, are constant
among genera.
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Figure 5.4:  Comparison of median values, including lower and upper limit error bars,
for genera that were collected from more than one environment.
5.3.2 Assignment analysis
The assignment analysis was first run on the dataset compiled from the Recent
specimens.  For this dataset, the environment for each specimen was known.  A cross-
validation procedure using bin sizes proportional to population sizes (number of
individuals per environment) was run on this first dataset to test the accuracy of the
assignment functions.  Individuals from grass beds were only assigned to other
environments 2.96% of the time; however, error rates for individuals from other
environments to their known environment were much higher.  Individuals from channels
were assigned to erroneous environments 100% of the time and individuals from sparse
grass beds were erroneously assigned 95.63% of the time (Table 5.2).  Sparse grass and
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channel individuals display taphonomic signatures similar to those of individuals in grass
beds, which could lead to incorrect assignment (to be discussed in more detail in the
following section).  In addition, because sample sizes from each environment were
uneven, error rates for the under-sampled environments could be higher than they would
be if samples of all environments were more proportional.
Table 5.2:  Error rates for assignment analysis determined by cross-validation with bins
set proportional to population sizes and k=40.



































































Error Rate 0.4558 1.0000 0.0296 0.9563 0.3848
Datasets compiled from the fossil samples were used in assignment analysis to
determine which environment individuals would be assigned to based on their observed
taphonomic characters.   The Eocene Moodys Branch Formation sample yielded a total of
406 shells, of which 397 (97.78%) were assigned to a dense grass environment (Table
5.3).  The Pleistocene sample yielded a total of 115 shells, and 110 (95.65%) of these
shells were assigned to a dense grass environment (Table 5.4).  However, these results
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must be viewed with caution because of the high error rates associated with the cross-
validation procedure (Table 5.1).
Table 5.3: Number of individuals from Eocene Moodys Branch Formation sample
assigned to each environment, including total percentage sample assigned to each
environment.



























Priors 0.11203 0.11119 0.56147 0.21532
Table 5.4: Number of individuals from unnamed Pleistocene fossil sample assigned to
each environment, including total percentage sample assigned to each environment.































Both physical and chemical processes, influenced in part by the environment and
in part by the morphology and microstructure of individuals, affect the taphonomic
characteristics of bioclasts.  Previous studies of taphofacies (Brett and Baird, 1986;
Fürisch and Flessa, 1987; Parsons and Brett, 1991; Best and Kidwell, 2000) emphasized
discovering and describing one or two diagnostic characteristics for an environment.  The
initial purpose of this study was to do the same.  I found, however, that comparison of
multivariate statistical analysis, which explores how all characteristics combine to create
a taphofacies, with taphograms, which consider one taphonomic characteristic at a time,
showed that the former has more distinguishing power.
6.1.1 Edge Rounding
Edge rounding was the most important characteristic for canonical function one,
the function that appears to distinguish best between beach environments and seagrass
environments (Figure 5.3 and 5.4).  The importance of edge rounding as a distinguishing
characteristic is also shown in the ternary diagram (Figure5.1), which illustrates that
individuals from beach environments display more instances of high edge rounding,
while individual shells from other environments rarely display high edge rounding.  The
high degree of edge rounding displayed by individuals from the beach environment is
probably caused by exposure to high wave energy.
In addition to high energy levels, edge rounding may also be caused by
dissolution, or biogenic maceration (Best and Kidwell, 2000).  However, edge rounding
as a result of dissolution rarely reaches the degree of roundness that rounding as a result
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of abrasion does.  As edge rounding can be caused by dissolution as well as abrasion,
differences in degrees of edge rounding among environments may also be due to
differences in the rates and causes of dissolution/maceration.
6.1.2 Abrasion
Abrasion, like edge rounding, is another important variable in the first canonical
function, as well as in the other two functions.  High levels of abrasion were common in
individuals from beach samples, as illustrated in Figure 5.1, but individuals from other
environments rarely display moderate or high levels of abrasion.  This result was
expected as high levels of abrasion are often associated with beach environments
(Parsons and Brett, 1991).
Contrary to the hypothesis, individuals from dense seagrass beds display slightly
higher levels of abrasion than do individuals from sparse grass settings and even channel
deposits, both of which should experience higher energy than seagrass beds as seagrass
blades act as baffles to slow down water currents.  One explanation of this apparent
conundrum is that traits associated with abrasion (i.e., loss of surface ornamentation and
shell material) may also result from dissolution.  It is difficult to discern between the two
processes, and it is possible that the effects of dissolution may exacerbate the effects of
abrasion, making it more apparent in environments that have higher dissolution rates.
It is also interesting to note that when siliciclastic and carbonate dense seagrass
setting are compared, siliciclastic settings display slightly higher degrees of abrasion.




CDA indicates that dissolution also is an important variable when distinguishing
among environments, as indicated by its relatively high coefficients for the first and
second canonical functions.  However, the ternary diagram of dissolution does not
display a clear pattern of higher dissolution in dense seagrass beds, as was initially
predicted.  Although samples from dense seagrass beds showed some of the highest
levels of dissolution, they also showed some of the lowest (Figure 5.1).  Comparison of
siliciclastic and carbonate seagrass samples also showed that one depositional setting did
not consistently display a higher level of dissolution (Figure 5.2).
Water chemistry is an important control on dissolution intensity, and therefore
must be considered when discussing dissolution.  Although water chemistry should be
affected by the presence of seagrasses and the nutrients they trap, other effects, not
readily apparent in the field, may also affect water chemistry.  For example,
anthropogenic influxes of nutrients from fertilizer, sewage, or other sources may have a
dramatic effect on the local water chemistry.  In the future, comparing pore water
chemistries from different collection localities may prove an important source of
information.
Chemical processes are not the only processes that can affect dissolution.
Microbial activities also have been observed to cause a chalky, pitted appearance in
carbonate bioclasts (Glover and Kidwell, 1993; Best and Kidwell, 2000).  Because
chemical and biogenic effects may be manifest in similar ways they are difficult to
distinguish from each other, although they might be important processes in distinct
environments.  These differences would not be easily recognized using a binocular
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microscope; instead, examination of shells using SEM technology could provide more
information that would be useful in sorting out these complications.
6.1.4 Fragmentation
Fragmentation is assigned relatively low coefficients in the CDA, except in
canonical function 1.  Despite its relative importance in the first canonical function, the
ternary diagram (Figure 5.1) does not display an obvious distinction among environments
based on fragmentation.  Individuals from the fossil deposits display a higher level of
fragmentation than do individuals from other samples, however, this can better be
explained by their exposure to diagenetic processes, like compression, or by longer
exposure time to processes causing dissolution and organic matrix degradation than by a
difference in environment.  Best and Kidwell (2000) also observed uniform
fragmentation levels among environments.  It is interesting to note, however, that
fragmentation levels within seagrasses are in general higher in siliciclastic settings than in
carbonate settings, possibly due to the more abrasive nature of siliciclastic sediments
(Best and Kidwell, 2000).
6.1.5 Bioerosion
Although the initial hypothesis for this study stated that the seagrass environment
would influence bioerosion, and therefore, that bioerosion would be a reliable indicator of
seagrass environments, this is not supported by canonical function one and canonical
function two.  However, bioerosion is the most important coefficient of canonical
function 3.  In addition, the ternary diagrams presented in Figures 5.1 and 5.2
demonstrate that individuals from dense seagrass experience more bioerosion than did
individuals in sparse grass or beach environments.  However, the ternary diagram also
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shows that bioerosion of shells in the channel environment occurs at roughly the same
level as in dense seagrass beds.  This may explain why bioerosion is not an important
variable in the first and second canonical functions.
Although seagrass beds are often referred to as places where predation rates are
lower because of the complex habitat that they provide (Irlandi and Peterson, 1991;
Irlandi, 1994), the organisms often protected are often predators themselves.  For
example, juvenile blue crabs and lobster are hidden from larger predators by seagrass
blades; however, these decapods in turn prey on a number of herbivorous gastropods that
live in seagrass beds (Edgar, 1990; Cote et al., 2001; Hovel and Lipcius, 2002).  Thus,
one may expect that much of the bioerosion observed in seagrass bed samples would be
related to predation.  In fact, gastropod drilling holes are one of the most common forms
of bioerosion observed in individual from seagrass beds.
Not all types of bioerosion are the result of predation, and other attributes of
seagrass environments may affect the level of non-predatory bioerosion.  Best and
Kidwell (2000) observed a correlation between non-predatory boring and nutrient levels;
the high nutrient content of seagrass beds may therefore have an effect on the intensity of
bioerosion.  In addition, the lower energy levels within seagrass environments may also
lead to higher rates of bioerosion, as the baffling of water currents may encourage larvae
of boring organisms (sponges and worms) to settle.
While predatory drill holes and non-predatory borings are common in seagrass
beds, the most diagnostic form of bioerosion appears to be rhizome etchings.  Rhizome
etchings are very common in most dense seagrass bed environments, less common in
sparse grass environments, and absent from beach environments, suggesting that the
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presence or absence of rhizome etchings could be useful in distinguishing among
environments.  However, rhizome etchings were observed on individuals collected from
the channel deposit, an indication that this type of bioerosion may be preserved even after
transportation.
Degrees of bioerosion vary greatly between the two fossil samples.  This may be a
real phenomenon, which could be due to different environments, or different predation
intensities over time (higher in the Eocene than the Pleistocene).  However, there is also a
possibility that the differences in bioerosion are due to differences in the samples
themselves.  Only bivalves were available from Bocas del Toro, while both bivalves and
gastropods were collected and observed for the Moodys Branch sample.  In many
samples gastropods display a higher degree of bioerosion because some predation traces
are easier to identify on gastropod shells.  In addition, gastropod shells are more likely to
experience postmortem predation attacks than are bivalve shells (Parsons-Hubbard et al.,
1999).
6.1.6 Edge Chipping
The canonical coefficients for the second and third functions (Table 5.1) indicate
that edge chipping is useful, to some extent, in telling environments apart.  However,
these functions do not separate environments as clearly as does the first canonical
function (Figure 5.3), demonstrating that edge chipping may not be that definitive.   The
edge chipping ternary diagram (Figure 5.1) shows that individuals from seagrass beds
tend toward higher levels of edge chipping, while individuals from other environments
display a more moderate level of edge chipping.  Like fragmentation, when depositional
settings are compared edge chipping is higher in siliciclastic environments (Figure 5.2),
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which may also be due to differences in the mineralogy and characteristics of the
sediments themselves (Best and Kidwell, 2000).
Edge chipping, like fragmentation, may also be caused by predation, especially by
decapod predation.  Throughout this study evidence of crab peeling on gastropods was
counted both as bioerosion and as edge chipping (especially if the peeling was not
extensive enough to qualify as fragmentation).  In addition, it is important to note that
other types of predation, for example prying open of bivalve shells by either predatory
gastropods or decapods, can leave edges of shells chipped, but leave no other distinctive
mark (Zuschin et al., 2003).   In this case the chipped edges would only be recorded as
edge chipping, and not as bioerosion.
6.1.7 Encrustation
Encrustation is an important not an important variable for any of the canonical
functions.  The ternary diagram in Figure 5.1 illustrates why: encrustation is not
consistently associated with a single environment.  Although Perry (2000) observed that
among back reef environments seagrass beds had the highest level of encrustation, the
results of this study show that a high degree of encrustation is not characteristic of all
seagrass environments.  In fact, it appears that high levels of encrustation are more likely
to be associated with any environment in close proximity to a reef.  The two samples with
the highest levels of encrustation (Figure 5.1) are the samples collected from French Bay,
San Salvador Island, Bahamas.  Although these samples are from two environments that
are very different with regards to other taphonomic characteristics (beach and dense
seagrass), they display a similar degree of encrustation.  This similarity is most likely due
to the high number of patch reefs in French Bay, which act as sources from which
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epizooids can recruit.  It is interesting to note that high levels of encrustation appear to be
closely linked with coral reefs, and not just the presence of a hard substrate.  The
specimens collected from Lemon Bay, which is fringed by oyster reefs, do not display an
exceptionally high level of encrustation.  A study testing the utility of applying the island
biogeographic model to the recruitment of epiphytic and epizoic taxa onto bioclasts has
been suggested (Leonard-Pingel et al., 2005), which would provide valuable insight into
the use of encrustation as a paleoenvironmental indicator.
The proximity and type of hard substrate also appear to influence the types of
encrusting organisms observed in different samples.  The most common encrusting
organisms in samples collected from environments associated with coral reefs (i.e.,
French Bay, San Salvador and Ohio Key, Florida Keys) are foraminifera.  In contrast,
oysters are the most common encrusters from samples that were collected in
environments adjacent to oyster reefs.
6.2 Transport and Taphonomic Fidelity
Several authors have discussed the fidelity of fossil assemblages to their original
life habitat (Miller and Cummins, 1990; Kidwell and Bosence, 1991; Miller et al., 1992;
see Kidwell and Bosence for more complete list).  The consensus of their research is that
in flat-bottomed settings (i.e. shallow water platforms, continental shelves, etc.) transport
of shells out of their original habitat is rare (Miller and Cummins, 1990; Kidwell and
Bosence, 1991; Miller et al., 1992), even after disruptive events (i.e., hurricanes).  When
transportation does take place it is usually over short distances (< 40-50 m) (Miller and
Cummins, 1990).  The model presented by Miller and Cummins (1990), however, does
not address how often transport over shorter distances occurs.  Because transport does not
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take place on a large scale, shells exotic to the environment they are found in are likely to
be from an adjacent habitat (Kidwell and Bosence, 1991).
Many shells collected from the Pigeon Creek channel deposit display
characteristics that clearly demonstrate they had been transported from their original
environment (seagrass bed) to the channel.  Rhizome etchings were observed on several
of these shells, a type of bioerosion not likely to occur in a channel environment.  In
addition, several of the genera collected from the channel deposit (Chione, Codakia,
Divaricella) are genera that live in seagrass environments, and are present in other
seagrass samples collected from the Bahamas.  As the channel is adjacent to dense
Thalassia beds, it is likely that a large proportion of the shells within the channel lag
deposit were transported there post-mortem.
Miller et al. (1992) observed that shells transported from one environment to
another would keep the taphonomic signature of their original environment.  This is
especially apparent in the channel deposit where certain characteristics, among which the
most diagnostic are rhizome etchings, are preserved.  It is likely that other characteristics
such as drill holes, peeling, dissolution, and encrustation would also be preserved as
shells are transported (Miller et al., 1992). It may be possible, however, to overprint the
signature of the original environment to some extent, which may occur in environments
with lower depositional rates or high rates of taphonomic alteration.  For example, shells
collected from beach deposits had a taphonomic signature distinct from any other
environment, although life habitats indicate that many of those shells were originally
from different environments.  The concept of shells maintaining a taphonomic signature
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faithful to their original environment complicates the process of distinguishing
environments based on their taphonomy.
Despite the potential for transport and cross contamination of bioclasts, the CDA
indicates that the taphonomic signature has enough power to discriminate among
environments.  As most of the environments collected from for this study were proximal
to seagrass beds, in the future it may be profitable to collect samples from environments
not associated with seagrass beds to better define environmental taphonomic signatures.
On the other hand, when considering the applicability of this study to the fossil record,
that type of analysis may not be very informative.  Most problems related to
interpretation of paleoenvironments in the fossil record occur on smaller scales (or within
outcrops) when petrology and sedimentological structures are fairly similar. While
collecting samples from environments drastically different from those in which
seagrasses are found may provide taphonomic signatures free of any contamination, these
environments would probably be easily recognizable in the fossil record based on
petrology and texture alone.
6.3 Taphonomy and Taxa
Figure 5.4 illustrates that within genera distinction among environments is fairly
clear.  When individuals from the same genus are plotted against canonical function one,
individuals from beach environments display median values between –0.5 and 3, while
individuals from channel deposits display median values between –0.5 to 4, and
individuals from dense and sparse seagrass beds display median values between –1 and
0.5.  Edge rounding, abrasion and dissolution, the most important variables for canonical
function 1, are primarily responsible for the distinction among environments in Figure
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5.4.  All of these taphonomic characters can greatly be influenced by the microstructure
and morphology of the shell.
Figure 5.4 also illustrates that among genera there is a wide variability of median
values for individuals from beach and channel environments, while the median values for
dense seagrass and sparse grass groups are similar among genera.  This may be due to the
smaller sample sizes of channel and beach samples, but could also be due to the response
that different types of morphology and microstructure have to the processes that are
dominant in channel and beach environments, for example abrasion, the expression of
which can be highly dependant on shell morphology (Driscoll, 1967).
Several studies have shown differences in the expression and degree of
taphonomic characteristics among individuals that belong to different taxonomic groups,
but occur in the same environment (Driscoll, 1967; Parsons et al., 1996).  Observing
differences among individuals of the same taxa that occur in different environments may
result in a clearer distinction between seagrass and non-seagrass environments.  It is
fortunate, therefore, that many taxa living in seagrass beds may also be found living in
adjacent environments, making it possible to observe taphonomic differences across
environments while controlling for morphology and microstructure.  Unfortunately,
natural seagrass faunal assemblages vary even over small geographic regions, making the
collection of one or two dominant taxa from every locality impractical.  However, it
would be possible to artificially place shells belonging to the same taxon in diverse
environments.  Perhaps tethering experiments like those performed by the Shelf and
Slope Experimental Taphonomy Initiative (Parsons et al., 1996; Parsons-Hubbard et al.,
1999) would prove helpful in constraining a taphonomic signature for seagrass beds.
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6.4 Assignment Tests
The assignment tests performed for both of the putative fossil seagrass samples
overwhelmingly assign individuals from those samples to a dense seagrass environment
(Table 5.3 and Table 5.4).  These environmental assignments are supported by the faunal
assemblages of each of the samples, and suggest that the taphonomic signature of
seagrass beds can be preserved in the fossil record and used to deduce the original
environment of deposition.
However, the high error rates associated with the assignment tests are
problematic.  These high error rates can be explained by both the nature of the study, the
difficulties directly associated with it, and by the nature of the assignment test itself.  For
the assignment test the cross validation procedure of showed an error of 95.6% associated
with the sparse grass environment (Table 5.2).  However, of the 1282 shells belonging to
sparse grass environments 1204 (94%) were assigned to a dense grass environment
(Table 5.2).  This erroneous assignment may be due to the overall similarity of samples
collected from any environment where grass is present.  Figure 5.3 also illustrates that
there is overlap in the taphonomies of shells from dense grass bed and sparse grass
environments, indicating that it may have been too specific to distinguish between the
two types of environments.  Individuals from the channel environment were also often
misclassified as dense grass individuals (642 or 97%).  This may be in part due to the
transport of individuals from grass beds to channels as discussed previously.
The inequality of sample sizes could also have contributed to the high error rates.
Over 50% of individuals used in this analysis were collected from dense seagrass
environments, as opposed to 11% for the beach deposit and the channel deposit.
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Therefore, when bin sizes are proportional to sample sizes, it is more likely that any
individual would be assigned to a dense grass environment.  Increasing the sample size of
other environments, like channels and beaches could decrease the error rates of the
assignment tests.
The nature of an assignment test itself may also have contributed to the large error
rates. Assignment tests examine one individual at a time, as opposed to the overall
taphonomic signature of all of the individuals from a particular sample.  However, within
natural environments, large variation exists among individuals with regards to their
taphonomy.  This is especially evident in Figure 5.4, which shows median values for
different environments sorted by genera.  The beach and channel environments show
large error bars, indicating high taphonomic variability.  In contrast, the dense grass and
sparse grass environments have much smaller error bars, indicating low taphonomic
variability.  Therefore, the high error rates associated with the channel and beach
environments may be due to the high taphonomic variation within those environments.
This is not to say that high error rates are favorable, or that they should be disregarded,
but the error rates should be considered in this light.
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Summary and Conclusions
Based on the CDA, edge rounding, abrasion, and dissolution are the most
important taphonomic characters for distinguishing a seagrass environment from other
environments.  The use of these taphonomic characteristics, in conjunction with the other
less definitive characteristics, for example bioerosion, results in the clear separation of
individuals from beach environments and individuals from seagrass environments.  The
assignment tests overwhelmingly assign individuals from the inferred seagrass localities
to a seagrass environment, suggesting that these taphonomic characteristics are preserved
in the fossil record, and can be used to identify and classify ancient environments.
Although distinction between sparse seagrass coverage and dense seagrass
coverage is not possible using these analyses, this is not a problem if the goal is merely to
make a statement about the presence or absence of seagrass beds is an area at a particular
point in time.  In addition, although transport may cause blurring of environmental
boundaries, the preservation of an original seagrass signature, which appears to occur,
allows for statements to be made about the presence of seagrass in an area at a point in
geologic time.
Defining a taphofacies for seagrass beds is a complicated processes, and the
identification of fossil seagrass beds based solely on their taphonomic characteristics may
be prone to error.  However, as a tool used in conjunction with sedimentology and faunal
assemblages the taphonomic characteristics that appear to be definitive of seagrass beds
(i.e. relatively high rates of bioerosion, moderate to high rates of dissolution and edge
chipping, moderate to low rates of edge rounding, and relatively low rates of abrasion)
could prove useful.
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Much work can be done to better constrain taphonomic parameters and clarify the
seagrass taphofacies.  Learning more about chemical versus biogenic disintegration of
shells may help to interpret differences in environments.  It is possible that differences in
the cause of shell disintegration are linked with the environment type, and that this
information is useful in distinguishing among depositional environments.  Understanding
the causes of encrustation, especially as they relate to the proximity of specific
environments, would also be a useful paleoenvironmental proxy.  In addition, better
defining the physical effects of dissolution and abrasion are also investigations that can
help clarify the description of taphofacies.
Conducting experimental studies on the differences between the taphonomic
processes in seagrass beds and other environments may also prove helpful in clarifying
the taphonomic signature of seagrass beds.  Tethering shells that belong to the same
taxonomic group in different environments (i.e., seagrass beds, sandy areas, etc.) would
minimize the taphonomic differences due to differences in morphology and
microstructure, and perhaps result in a more robust taphonomic signature for seagrass
beds.  These tethering experiments would probably be most effective if cages were used
to keep the shells from being transported, but allowed organisms, especially encrusters
and borers, to interact with the tethered shells.
In addition, it would be useful to obtain samples from the same geologic unit as
the fossil samples used in this study, but with a different environment interpretation, to
provide a comparison to the putative fossil seagrass assignments.  If assignment analysis
assigned those individuals to their respective inferred environment, instead of a seagrass
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environment, this would validate the results obtained through the initial assignment test
run in this study.
In conclusion, although additional studies could provide useful information, it
appears that the use of taphonomic characteristics could help to more accurately identify
fossil seagrass deposits. Using the taphofacies described in this study could lead to
identifying seagrass beds with more accuracy and clarity, helping to increase our
understanding of the dynamic seagrass environment, its distribution through time, and its
natural state of abundance.
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Appendix A
Summary of Data Collected
Manasota Key, beach
Chione (113) Low Moderate High Anadara
(133)
Low Moderate High
Encrustation 111 2 0 Encrustation 125 7 1
Bioerosion 91 14 8 Bioerosion 106 18 9
Abrasion 14 40 59 Abrasion 70 44 19
Dissolution 27 54 32 Dissolution 54 57 22
Fragmentation 40 9 31 Fragmentation 111 16 6
Edge
Chipping





34 49 30 Edge
Rounding
57 64 12
Color Loss 33 58 22 Color Loss 133 0 0
Donax (122) Low Moderate High Lucina
amiantus (38)
Low Moderate High
Encrustation 122 0 0 Encrustation 38 0 0
Bioerosion 121 1 0 Bioerosion 34 4 0
Abrasion 61 48 13 Abrasion 4 17 17
Dissolution 84 36 2 Dissolution 13 11 14
Fragmentation 108 8 6 Fragmentation 37 0 1
Edge
Chipping





57 55 10 Edge
Rounding
7 21 10
Color Loss 121 1 0 Color Loss 38 0 0
Cerithium (5) Low Moderate High Bulla (1) Low Moderate High
Encrustation 5 0 0 Encrustation 1 0 0
Bioerosion 4 0 1 Bioerosion 1 0 0
Abrasion 2 2 1 Abrasion 1 0 0
Dissolution 4 1 0 Dissolution 1 0 0
Fragmentation 2 0 3 Fragmentation 1 0 0
Edge
Chipping





0 4 1 Edge
Rounding
0 1 0
Color Loss 3 2 0 Color Loss 1 0 0
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Manasota Key, beach cont.
Diodora (2) Low Moderate High Total (414) Low Moderate High
Encrustation 2 0 0 Encrustation 404 9 1
Bioerosion 2 0 0 Bioerosion 359 37 18
Abrasion 2 0 0 Abrasion 154 151 109
Dissolution 1 1 0 Dissolution 184 160 70
Fragmentation 1 0 1 Fragmentation 300 33 48
Edge
Chipping





0 2 0 Edge
Rounding
155 196 63
Color Loss 2 0 0 Color Loss 331 61 22
84
Manasota Key, Lemon Bay, Thalassia bed
Carditamera
(214)
Low Moderate High Chione (94) Low Moderate High
Encrustation 210 3 1 Encrustation 91 2 1
Bioerosion 157 55 2 Bioerosion 69 25 0
Abrasion 163 44 7 Abrasion 60 26 8
Dissolution 61 82 71 Dissolution 23 34 37
Fragmentation 168 7 39 Fragmentation 66 5 23
Edge
Chipping





188 26 0 Edge
Rounding
82 11 1
Color Loss 214 0 0 Color Loss 94 0 0
Phacoides
(204)
Low Moderate High Cumingia
(117)
Low Moderate High
Encrustation 202 1 1 Encrustation 117 0 0
Bioerosion 192 12 0 Bioerosion 109 8 0
Abrasion 147 39 18 Abrasion 102 10 5
Dissolution 82 76 46 Dissolution 48 54 15
Fragmentation 184 13 7 Fragmentation 85 16 16
Edge
Chipping





178 26 0 Edge
Rounding
117 0 0
Color Loss 204 0 0 Color Loss 117 0 0
Modulus (82) Low Moderate High Cerithium (6) Low Moderate High
Encrustation 76 5 1 Encrustation 4 0 2
Bioerosion 62 10 10 Bioerosion 2 2 2
Abrasion 43 29 10 Abrasion 3 2 1
Dissolution 17 41 24 Dissolution 2 2 2
Fragmentation 76 4 2 Fragmentation 5 1 0
Edge
Chipping





70 12 0 Edge
Rounding
3 3 0
Color Loss 9 35 38 Color Loss 3 1 2
85
Manasota Key, Lemon Bay, Thalassia bed cont.
Nassarius
(15)
Low Moderate High Bulla (29) Low Moderate High
Encrustation 13 1 1 Encrustation 29 0 0
Bioerosion 12 2 1 Bioerosion 27 1 1
Abrasion 14 0 1 Abrasion 29 0 0
Dissolution 7 7 1 Dissolution 7 22 0
Fragmentation 15 0 0 Fragmentation 17 10 2
Edge
Chipping





15 0 0 Edge
Rounding
28 1 0
Color Loss 15 0 0 Color Loss 7 22 0
Total (761) Low Moderate High
Encrustation 742 12 7
Bioerosion 630 115 16
Abrasion 561 150 50
Dissolution 247 318 196







Color Loss 663 58 40
86
Pineland, Pine Island, sparse mixed Ruppia
Carditamera
(52)
Low Moderate High Anomalocardia
(150)
Low Moderate High
Encrustation 52 0 0 Encrustation 150 0 0
Bioerosion 52 0 0 Bioerosion 144 6 0
Abrasion 48 4 0 Abrasion 128 22 0
Dissolution 27 24 1 Dissolution 88 43 19
Fragmentation 31 0 21 Fragmentation 27 6 21
Edge
Chipping
41 10 1 Edge Chipping 87 43 20
Edge
Rounding
42 10 0 Edge
Rounding
104 46 0
Color Loss 47 3 2 Color Loss 90 35 25
Transenella
(73)
Low Moderate High Tellina (41) Low Moderate High
Encrustation 73 0 0 Encrustation 41 0 0
Bioerosion 67 6 0 Bioerosion 37 4 0
Abrasion 67 6 0 Abrasion 40 1 0
Dissolution 52 32 20 Dissolution 30 9 2
Fragmentation 66 2 5 Fragmentation 34 4 3
Edge
Chipping
52 19 2 Edge Chipping 9 26 6
Edge
Rounding
38 35 0 Edge
Rounding
39 2 0
Color Loss 22 37 14 Color Loss 38 1 2
Bulla (157) Low Moderate High Cerithium (92) Low Moderate High
Encrustation 157 0 0 Encrustation 89 2 1
Bioerosion 147 10 0 Bioerosion 50 34 8
Abrasion 157 0 0 Abrasion 87 5 0
Dissolution 72 83 2 Dissolution 11 39 42
Fragmentation 133 21 3 Fragmentation 89 3 0
Edge
Chipping
11 97 49 Edge Chipping 26 47 19
Edge
Rounding
156 1 0 Edge
Rounding
67 25 0
Color Loss 8 148 1 Color Loss 16 73 3
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Pineland, Pine Island, sparse mixed Ruppia cont.
Modulus (62) Low Moderate High Prunum (12) Low Moderate High
Encrustation 61 0 1 Encrustation 12 0 0
Bioerosion 48 11 3 Bioerosion 12 0 0
Abrasion 46 16 0 Abrasion 10 2 0
Dissolution 27 35 0 Dissolution 5 6 1
Fragmentation 55 5 2 Fragmentation 12 0 0
Edge
Chipping





48 14 0 Edge
Rounding
12 0 0
Color Loss 26 33 3 Color Loss 2 5 5
Total (639) Low Moderate High
Encrustation 635 2 2
Bioerosion 557 71 11
Abrasion 583 56 0
Dissolution 312 271 87







Color Loss 249 335 55
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Laguna del Términos, Mexico, Thalassia bed
Chione (119) Low Moderate High Anadora (70) Low Moderate High
Encrustation 110 8 1 Encrustation 68 2 0
Bioerosion 69 36 14 Bioerosion 24 16 8
Abrasion 80 38 1 Abrasion 58 10 2
Dissolution 16 40 63 Dissolution 7 27 36
Fragmentation 82 5 32 Fragmentation 56 5 9
Edge
Chipping





78 40 1 Edge
Rounding
53 16 1
Color Loss 36 23 60 Color Loss 63 6 1
Mulinia (30) Low Moderate High Tellina (14) Low Moderate High
Encrustation 30 0 0 Encrustation 14 0 0
Bioerosion 25 5 0 Bioerosion 6 8 0
Abrasion 28 2 0 Abrasion 14 0 0
Dissolution 8 2 20 Dissolution 3 7 4
Fragmentation 13 5 12 Fragmentation 13 1 0
Edge
Chipping





22 8 0 Edge
Rounding
14 0 0
Color Loss 30 0 0 Color Loss 14 0 0
Neritina (7) Low Moderate High Modulus (9) Low Moderate High
Encrustation 7 0 0 Encrustation 9 0 0
Bioerosion 4 1 2 Bioerosion 4 3 2
Abrasion 3 4 0 Abrasion 6 2 1
Dissolution 1 4 2 Dissolution 2 4 3
Fragmentation 3 4 0 Fragmentation 2 3 4
Edge
Chipping





1 6 0 Edge
Rounding
7 2 0
Color Loss 2 4 1 Color Loss 5 3 1
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Laguna del Términos, Mexico, Thalassia bed cont.
Bulla (8) Low Moderate High Prunum (5) Low Moderate High
Encrustation 8 0 0 Encrustation 5 0 0
Bioerosion 8 0 0 Bioerosion 5 0 0
Abrasion 8 0 0 Abrasion 5 0 0
Dissolution 3 5 0 Dissolution 2 2 1
Fragmentation 3 0 5 Fragmentation 5 0 0
Edge
Chipping





8 0 0 Edge
Rounding
5 0 0
Color Loss 7 1 0 Color Loss 4 1 0
Total (262) Low Moderate High
Encrustation 251 10 1
Bioerosion 145 69 26
Abrasion 202 56 4
Dissolution 169 91 129







Color Loss 161 38 63
90
Laguna de Términos, Mexico, rhizomes only
Carditamera
(54)
Low Moderate High Laevicordium
(25)
Low Moderate High
Encrustation 54 0 0 Encrustation 25 0 0
Bioerosion 54 0 0 Bioerosion 25 0 0
Abrasion 50 4 0 Abrasion 23 1 1
Dissolution 44 10 0 Dissolution 24 1 0
Fragmentation 50 0 4 Fragmentation 12 6 7
Edge
Chipping
17 29 8 Edge Chipping 3 19 3
Edge
Rounding
53 1 0 Edge Rounding 25 0 0
Color Loss 54 0 0 Color Loss 24 1 0
Tellina (122) Low Moderate High Brachiondontes
(22)
Low Moderate High
Encrustation 122 0 0 Encrustation 22 0 0
Bioerosion 118 4 0 Bioerosion 21 1 0
Abrasion 113 8 1 Abrasion 20 2 0
Dissolution 96 26 0 Dissolution 18 3 1
Fragmentation 75 23 24 Fragmentation 11 8 3
Edge
Chipping
33 66 23 Edge Chipping 2 5 15
Edge
Rounding
122 0 0 Edge Rounding 22 0 0
Color Loss 122 0 0 Color Loss 22 0 0
Prunum (58) Low Moderate High Cerithium
(200)
Low Moderate High
Encrustation 58 0 0 Encrustation 192 5 3
Bioerosion 53 3 2 Bioerosion 148 39 13
Abrasion 36 21 1 Abrasion 133 55 12
Dissolution 38 18 2 Dissolution 82 85 33
Fragmentation 41 7 10 Fragmentation 127 24 49
Edge
Chipping
32 10 16 Edge Chipping 47 100 53
Edge
Rounding
58 0 0 Edge Rounding 189 11 0
Color Loss 58 0 0 Color Loss 89 59 30
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Laguna de Términos, Mexico, rhizomes only cont.
Neritina (54) Low Moderate High Modulus
(189)
Low Moderate High
Encrustation 54 0 0 Encrustation 188 1 0
Bioerosion 42 8 4 Bioerosion 166 14 9
Abrasion 38 14 2 Abrasion 112 68 9
Dissolution 50 8 0 Dissolution 101 77 11
Fragmentation 24 10 20 Fragmentation 126 17 46
Edge
Chipping





50 4 0 Edge
Rounding
180 9 0
Color Loss 52 2 0 Color Loss 147 32 10
Total (724) Low Moderate High
Encrustation 715 6 3
Bioerosion 627 69 28
Abrasion 525 173 26
Dissolution 401 228 47







Color Loss 568 94 40
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Low Moderate High Acamaea (40) Low Moderate High
Encrustation 44 25 26 Encrustation 28 10 2
Bioerosion 52 44 1 Bioerosion 37 3 0
Abrasion 79 16 2 Abrasion 32 8 0
Dissolution 23 56 18 Dissolution 25 12 3
Fragmentation 89 9 3 Fragmentation 33 6 1
Edge
Chipping





92 5 0 Edge
Rounding
40 0 0




Low Moderate High Turbo (38) Low Moderate High
Encrustation 31 4 22 Encrustation 13 12 13
Bioerosion 26 26 5 Bioerosion 36 2 0
Abrasion 38 16 3 Abrasion 37 1 0
Dissolution 30 14 13 Dissolution 33 5 0
Fragmentation 46 6 5 Fragmentation 37 0 1
Edge
Chipping





54 3 0 Edge
Rounding
37 1 0
Color Loss 27 11 19 Color Loss 30 5 3
Linga (86) Low Moderate High Codakia (46) Low Moderate High
Encrustation 73 12 1 Encrustation 38 6 2
Bioerosion 66 19 1 Bioerosion 30 16 0
Abrasion 68 16 2 Abrasion 46 0 0
Dissolution 67 16 3 Dissolution 36 9 1
Fragmentation 76 2 8 Fragmentation 39 2 5
Edge
Chipping





84 2 0 Edge
Rounding
45 1 0
Color Loss 86 0 0 Color Loss 45 1 0
93
French Bay, San Salvador Island, Thalassia bed cont.
Divaricella
(16)
Low Moderate High Tellina (35) Low Moderate High
Encrustation 14 1 1 Encrustation 35 0 0
Bioerosion 11 5 0 Bioerosion 25 7 3
Abrasion 16 0 0 Abrasion 35 0 0
Dissolution 6 8 2 Dissolution 19 14 2
Fragmentation 15 1 0 Fragmentation 24 6 5
Edge
Chipping





16 0 0 Edge
Rounding
35 0 0
Color Loss 16 0 0 Color Loss 35 0 0
Total (413) Low Moderate High
Encrustation 276 70 67
Bioerosion 283 122 10
Abrasion 351 57 7
Dissolution 239 134 42







Color Loss 333 52 30
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French Bay, San Salvador Island, beach
Barbatia
(133)
Low Moderate High Linga (24) Low Moderate High
Encrustation 65 39 29 Encrustation 23 0 1
Bioerosion 123 9 1 Bioerosion 18 6 0
Abrasion 39 53 41 Abrasion 1 10 13
Dissolution 51 59 23 Dissolution 5 11 8
Fragmentation 82 26 25 Fragmentation 15 2 7
Edge
Chipping





5 45 83 Edge
Rounding
1 6 17
Color Loss 114 11 8 Color Loss 24 0 0
Divaricella
(12)
Low Moderate High Cerithium
(29)
Low Moderate High
Encrustation 12 0 0 Encrustation 28 1 0
Bioerosion 12 0 0 Bioerosion 17 8 3
Abrasion 5 3 4 Abrasion 1 3 25
Dissolution 3 5 4 Dissolution 9 11 9
Fragmentation 11 1 0 Fragmentation 13 4 12
Edge
Chipping





1 7 4 Edge
Rounding
2 6 21
Color Loss 12 0 0 Color Loss 11 15 3
Fissurella
(19)
Low Moderate High Olivella (11) Low Moderate High
Encrustation 12 6 1 Encrustation 11 0 0
Bioerosion 19 0 0 Bioerosion 10 1 0
Abrasion 5 13 1 Abrasion 4 7 0
Dissolution 5 14 0 Dissolution 0 8 3
Fragmentation 17 2 0 Fragmentation 10 0 1
Edge
Chipping





5 2 12 Edge
Rounding
2 4 5
Color Loss 14 5 0 Color Loss 11 0 0
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French Bay, San Salvador Island, beach cont.
Columbella
(24)
Low Moderate High Total (252) Low Moderate High
Encrustation 23 1 0 Encrustation 174 47 31
Bioerosion 19 4 1 Bioerosion 218 28 5
Abrasion 7 11 6 Abrasion 62 100 90
Dissolution 10 13 1 Dissolution 83 121 48
Fragmentation 9 0 15 Fragmentation 157 35 60
Edge
Chipping





5 5 14 Edge
Rounding
21 75 156
Color Loss 11 4 9 Color Loss 197 35 20
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North Pigeon Creek, San Salvador Island, Thalassia bed
Divaricella
(48)
Low Moderate High Chione (54) Low Moderate High
Encrustation 48 0 0 Encrustation 54 0 0
Bioerosion 41 7 0 Bioerosion 41 12 1
Abrasion 43 5 0 Abrasion 38 15 1
Dissolution 0 25 23 Dissolution 17 22 15
Fragmentation 29 9 10 Fragmentation 44 2 8
Edge
Chipping
6 26 16 Edge Chipping 12 32 10
Edge
Rounding
48 0 0 Edge
Rounding
50 4 0
Color Loss 48 0 0 Color Loss 23 18 13
Lucina (182) Low Moderate High Trigoniocardia
(133)
Low Moderate High
Encrustation 182 0 0 Encrustation 132 1 0
Bioerosion 171 10 1 Bioerosion 118 14 1
Abrasion 171 11 0 Abrasion 118 15 0
Dissolution 61 91 30 Dissolution 46 59 28
Fragmentation 156 14 12 Fragmentation 125 7 1
Edge
Chipping
92 65 25 Edge Chipping 101 32 0
Edge
Rounding
157 25 0 Edge
Rounding
101 32 0
Color Loss 182 0 0 Color Loss 44 46 43
Bulla (33) Low Moderate High Nassarius (17) Low Moderate High
Encrustation 33 0 0 Encrustation 17 0 0
Bioerosion 29 4 0 Bioerosion 10 4 3
Abrasion 29 4 0 Abrasion 7 7 3
Dissolution 0 9 24 Dissolution 1 8 8
Fragmentation 29 2 2 Fragmentation 17 0 0
Edge
Chipping
4 3 26 Edge Chipping 14 3 0
Edge
Rounding
23 10 0 Edge
Rounding
11 6 0
Color Loss 1 27 5 Color Loss 17 0 0
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North Pigeon Creek, San Salvador Island, Thalassia bed cont.
Modulus (85) Low Moderate High Cerithium
(146)
Low Moderate High
Encrustation 85 0 0 Encrustation 146 0 0
Bioerosion 64 18 5 Bioerosion 60 75 11
Abrasion 40 32 13 Abrasion 90 51 5
Dissolution 4 20 61 Dissolution 7 59 80
Fragmentation 53 9 23 Fragmentation 124 13 9
Edge
Chipping





31 54 0 Edge
Rounding
74 72 0
Color Loss 13 45 27 Color Loss 124 17 5
Total (698) Low Moderate High
Encrustation 697 1 0
Bioerosion 534 144 20
Abrasion 536 140 22
Dissolution 136 293 269







Color Loss 452 153 93
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South Pigeon Creek, San Salvador Island, channel deposit
Divaricella
(227)
Low Moderate High Chione (45) Low Moderate High
Encrustation 225 2 0 Encrustation 43 1 1
Bioerosion 191 35 1 Bioerosion 28 17 0
Abrasion 203 24 0 Abrasion 45 0 0
Dissolution 123 93 11 Dissolution 22 21 2
Fragmentation 216 7 4 Fragmentation 38 2 5
Edge
Chipping





214 13 0 Edge
Rounding
41 4 0








Encrustation 71 2 1 Encrustation 153 4 0
Bioerosion 59 15 0 Bioerosion 119 36 2
Abrasion 74 0 0 Abrasion 135 1 21
Dissolution 45 22 7 Dissolution 64 57 7
Fragmentation 66 3 5 Fragmentation 114 4 39
Edge
Chipping





60 14 0 Edge
Rounding
146 11 1
Color Loss 74 0 0 Color Loss 157 0 0
Olivella (18) Low Moderate High Natica (25) Low Moderate High
Encrustation 18 0 0 Encrustation 25 0 0
Bioerosion 13 4 1 Bioerosion 9 11 5
Abrasion 18 0 0 Abrasion 24 1 0
Dissolution 6 12 0 Dissolution 12 12 1
Fragmentation 17 1 0 Fragmentation 19 2 4
Edge
Chipping





18 0 0 Edge
Rounding
18 6 1
Color Loss 18 0 0 Color Loss 10 5 10
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South Pigeon Creek, San Salvador Island, channel deposit cont.
Bulla (47) Low Moderate High Cerithium
(69)
Low Moderate High
Encrustation 44 3 0 Encrustation 58 8 3
Bioerosion 29 15 3 Bioerosion 27 30 12
Abrasion 47 0 0 Abrasion 63 4 2
Dissolution 30 8 9 Dissolution 33 33 2
Fragmentation 39 0 8 Fragmentation 57 3 9
Edge
Chipping





39 8 0 Edge
Rounding
59 10 0
Color Loss 30 8 9 Color Loss 42 13 14
Total (662) Low Moderate High
Encrustation 637 20 5
Bioerosion 475 163 24
Abrasion 609 30 23
Dissolution 335 258 40







Color Loss 583 45 34
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Big Torch Key, Florida Keys, sparse Ruppia
Conus (9) Low Moderate High Bulla (35) Low Moderate High
Encrustation 9 0 0 Encrustation 35 0 0
Bioerosion 8 1 0 Bioerosion 35 0 0
Abrasion 9 0 0 Abrasion 33 2 0
Dissolution 5 2 2 Dissolution 32 3 0
Fragmentation 3 2 4 Fragmentation 29 4 2
Edge Chipping 0 4 5 Edge
Chipping
3 11 21
Edge Rounding 9 0 0 Edge
Rounding
34 1 0
Color Loss 5 2 2 Color Loss 13 22 0
Haminoea (7) Low Moderate High Cerithium
(51)
Low Moderate High
Encrustation 7 0 0 Encrustation 44 6 1
Bioerosion 5 2 0 Bioerosion 27 20 4
Abrasion 7 0 0 Abrasion 37 9 5
Dissolution 5 2 0 Dissolution 24 16 11
Fragmentation 6 1 0 Fragmentation 22 28 1
Edge Chipping 0 3 4 Edge
Chipping
19 19 13
Edge Rounding 7 0 0 Edge
Rounding
47 3 1
Color Loss 7 0 0 Color Loss 26 14 11
Anolmalocardia
(212)
Low Moderate High Tellina (94) Low Moderate High
Encrustation 184 25 3 Encrustation 85 8 1
Bioerosion 200 12 0 Bioerosion 84 9 1
Abrasion 183 28 1 Abrasion 87 5 2
Dissolution 41 112 59 Dissolution 45 31 14
Fragmentation 53 37 16 Fragmentation 42 19 23
Edge Chipping 95 88 29 Edge
Chipping
21 24 49
Edge Rounding 205 7 0 Edge
Rounding
94 0 0
Color Loss 152 45 15 Color Loss 94 0 0
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Big Torch Key, Florida Keys, sparse Ruppia cont.
Codakia (46) Low Moderate High Ervilla (190) Low Moderate High
Encrustation 37 9 0 Encrustation 182 7 1
Bioerosion 42 4 0 Bioerosion 170 20 0
Abrasion 45 1 0 Abrasion 188 1 1
Dissolution 25 19 2 Dissolution 122 53 15
Fragmentation 39 4 3 Fragmentation 181 9 0
Edge
Chipping





46 0 0 Edge
Rounding
186 4 0
Color Loss 46 0 0 Color Loss 184 6 0
Total (644) Low Moderate High
Encrustation 583 55 6
Bioerosion 571 68 5
Abrasion 582 46 9
Dissolution 299 238 103







Color Loss 527 89 28
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Ohio Key, Florida Keys, dense Thalassia
Cerithium
(151)
Low Moderate High Prunum (47) Low Moderate High
Encrustation 136 11 4 Encrustation 47 0 0
Bioerosion 92 39 20 Bioerosion 43 2 2
Abrasion 107 16 28 Abrasion 42 5 0
Dissolution 21 42 88 Dissolution 15 2 28
Fragmentation 43 41 67 Fragmentation 44 2 1
Edge
Chipping





46 102 3 Edge
Rounding
41 6 0
Color Loss 8 61 82 Color Loss 13 6 28
Tegula (9) Low Moderate High Acmaea (17) Low Moderate High
Encrustation 8 1 0 Encrustation 16 1 0
Bioerosion 6 2 1 Bioerosion 17 0 0
Abrasion 8 1 0 Abrasion 14 3 0
Dissolution 1 4 4 Dissolution 1 15 1
Fragmentation 6 3 0 Fragmentation 13 4 0
Edge
Chipping





4 5 0 Edge
Rounding
16 1 0
Color Loss 5 4 0 Color Loss 1 15 1
Tellina (19) Low Moderate High Barbatia (12) Low Moderate High
Encrustation 19 0 0 Encrustation 8 4 0
Bioerosion 17 2 0 Bioerosion 9 3 0
Abrasion 18 1 0 Abrasion 3 9 0
Dissolution 8 10 1 Dissolution 0 1 11
Fragmentation 12 6 1 Fragmentation 6 2 4
Edge
Chipping





19 0 0 Edge
Rounding
1 11 0
Color Loss 3 13 3 Color Loss 1 4 7
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Encrustation 88 16 2 Encrustation 117 3 0
Bioerosion 67 34 5 Bioerosion 98 21 1
Abrasion 88 18 0 Abrasion 103 17 0
Dissolution 33 55 18 Dissolution 42 62 16
Fragmentation 60 20 26 Fragmentation 107 7 6
Edge
Chipping





70 36 0 Edge
Rounding
85 35 0
Color Loss 12 63 31 Color Loss 33 64 23
Total (481) Low Moderate High
Encrustation 439 36 6
Bioerosion 349 103 29
Abrasion 383 70 28
Dissolution 121 193 167







Color Loss 76 230 175
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Low Moderate High Lucina
amiantus (9)
Low Moderate High
Encrustation 27 0 0 Encrustation 9 0 0
Bioerosion 21 5 1 Bioerosion 8 1 0
Abrasion 21 6 0 Abrasion 5 4 0
Dissolution 10 9 8 Dissolution 0 0 9
Fragmentation 15 3 9 Fragmentation 5 4 0
Edge
Chipping





22 5 0 Edge
Rounding
4 5 0




Low Moderate High Barbatia (4) Low Moderate High
Encrustation 74 1 0 Encrustation 4 0 0
Bioerosion 58 15 2 Bioerosion 4 0 0
Abrasion 71 3 1 Abrasion 4 0 0
Dissolution 10 20 45 Dissolution 0 1 3
Fragmentation 54 11 10 Fragmentation 2 1 1
Edge
Chipping





43 32 0 Edge
Rounding
2 2 0
Color Loss 75 0 0 Color Loss 1 0 3
Total (115) Low Moderate High
Encrustation 114 1 0
Bioerosion 91 21 3
Abrasion 101 13 1
Dissolution 20 30 65







Color Loss 112 0 3
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Copenhagen, Louisiana, fossil sample
Veneticardia
(105)
Low Moderate High Nucula (48) Low Moderate High
Encrustation 101 4 0 Encrustation 48 0 0
Bioerosion 77 26 2 Bioerosion 36 9 3
Abrasion 88 15 2 Abrasion 46 2 0
Dissolution 50 54 1 Dissolution 22 17 9
Fragmentation 85 1 19 Fragmentation 18 14 14
Edge Chipping 50 42 13 Edge
Chipping
12 24 12
Edge Rounding 87 18 0 Edge
Rounding
48 0 0
Color Loss 104 1 0 Color Loss 48 0 0
Caestocorbula
(115)
Low Moderate High Glycymeris
(55)
Low Moderate High
Encrustation 115 0 0 Encrustation 53 2 0
Bioerosion 82 32 1 Bioerosion 19 30 11
Abrasion 88 27 0 Abrasion 37 18 0
Dissolution 47 55 8 Dissolution 17 24 7
Fragmentation 88 13 14 Fragmentation 32 1 22
Edge Chipping 15 59 44 Edge
Chipping
21 31 3
Edge Rounding 106 9 0 Edge
Rounding
43 12 0
Color Loss 115 0 0 Color Loss 41 14 0
Calyptraphorus
(29)
Low Moderate High Turritella (32) Low Moderate High
Encrustation 25 2 2 Encrustation 30 2 0
Bioerosion 13 9 7 Bioerosion 6 13 7
Abrasion 26 3 0 Abrasion 24 8 0
Dissolution 17 10 2 Dissolution 11 15 3
Fragmentation 9 11 9 Fragmentation 0 29 3
Edge Chipping 0 17 12 Edge
Chipping
0 20 12
Edge Rounding 28 1 0 Edge
Rounding
32 0 0
Color Loss 25 4 0 Color Loss 32 0 0
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Copenhagen, Louisiana, fossil sample cont.
Buccitriton
(13)
Low Moderate High Euspira (9) Low Moderate High
Encrustation 13 0 0 Encrustation 9 0 0
Bioerosion 9 3 1 Bioerosion 4 4 1
Abrasion 13 0 0 Abrasion 8 1 0
Dissolution 13 0 0 Dissolution 5 4 0
Fragmentation 11 1 1 Fragmentation 5 4 0
Edge
Chipping





13 0 0 Edge
Rounding
9 0 0
Color Loss 13 0 0 Color Loss 9 0 0
Total (406) Low Moderate High
Encrustation 394 10 2
Bioerosion 246 126 33
Abrasion 330 74 2
Dissolution 221 179 30







Color Loss 387 19 0
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Appendix B
Canonical Discriminant Analysis Output
Observations 5954 DF Total 5953
Variables 7 DF Within Classes 5950






Name Frequency Weight Proportion
Beach Beach 667 667.0000 0.112026
Channel Channel 662 662.0000 0.111186
Grass Bed Grass Bed 3343 3343 0.561471
Sparse Grass Sparse Grass 1282 1282 0.215317
Multivariate Statistics and F Approximations
S=3    M=1.5    N=2971
Statistic Value F Value
Num!D
F Den!DF Pr!>!F
Wilks' Lambda 0.56958100 176.01 21 17069 <.0001
Pillai's Trace 0.45801510 153.05 21 17838 <.0001
Hotelling-Lawley
Trace
0.70793445 200.34 21 12422 <.0001
Roy's Greatest Root 0.63569723 539.98 7 5946 <.0001













Correlation Eigenvalue Difference Proportion Cumulative
1 0.623410 0.622763 0.007924 0.388640 0.6357 0.5858 0.8980 0.8980
2 0.218107 0.215395 0.012344 0.047571 0.0499 0.0277 0.0706 0.9685





F!Value Num!DF Den!DF Pr!>!F
1 0.56958100 176.01 21 17069 <.0001
2 0.93166207 35.70 12 11890 <.0001
3 0.97819549 26.51 5 5946 <.0001
Total Canonical Structure
Variable Can1 Can2 Can3
Encrustation 0.152183 0.206806 0.040662
Bioerosion -0.063545 0.097661 0.812485
Abrasion 0.682784 0.470236 0.270722
Dissolution 0.003989 0.752341 -0.026855
Fragmentation 0.057309 0.389763 0.175580
Edge Chipping -0.008525 0.576413 -0.316768
Edge Rounding 0.890421 0.137572 -0.083248
109
Between Canonical Structure
Variable Can1 Can2 Can3
Encrustation 0.901653 0.428680 0.057065
Bioerosion -0.309180 0.166243 0.936360
Abrasion 0.968150 0.233277 0.090925
Dissolution 0.015147 0.999593 -0.024157
Fragmentation 0.372982 0.887481 0.270668
Edge Chipping -0.039588 0.936498 -0.348432
Edge Rounding 0.998298 0.053962 -0.022107
Pooled Within Canonical Structure
Variable Can1 Can2 Can3
Encrustation 0.119655 0.202954 0.040441
Bioerosion -0.050099 0.096102 0.810257
Abrasion 0.594395 0.510947 0.298112
Dissolution 0.003162 0.744325 -0.026926
Fragmentation 0.045017 0.382137 0.174457
Edge Chipping -0.006726 0.567674 -0.316157
Edge Rounding 0.837650 0.161534 -0.099061
Total-Sample Standardized Canonical Coefficients
Variable Can1 Can2 Can3
Encrustation 0.108133847 0.164142299 0.034503760
Bioerosion -0.069198743 -0.019111859 0.850050821
Abrasion 0.498959588 0.395318809 0.412673422
Dissolution -0.424550342 0.679308211 -0.142847671
Fragmentation -0.124927837 0.204634505 0.266650102
Edge Chipping -0.043608671 0.456248802 -0.419562982
Edge Rounding 1.039472302 -0.344397714 -0.282214250
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Pooled Within-Class Standardized Canonical Coefficients
Variable Can1 Can2 Can3
Encrustation 0.1075606946 0.1632722804 0.0343208768
Bioerosion -.0686456769 -.0189591085 0.8432568531
Abrasion 0.4482613174 0.3551512682 0.3707425137
Dissolution -.4188965132 0.6702617161 -.1409453371
Fragmentation -.1243847337 0.2037448896 0.2654908840
Edge Chipping -.0432248278 0.4522329071 -.4158699950
Edge Rounding 0.8641785775 -.2863194392 -.2346224221
Raw Canonical Coefficients
Variable Can1 Can2 Can3
Encrustation 0.304554066 0.462299328 0.097178273
Bioerosion -0.140528225 -0.038812202 1.726276067
Abrasion 0.865126710 0.685427978 0.715518468
Dissolution -0.564171186 0.902710658 -0.189825638
Fragmentation -0.176651563 0.289359088 0.377050930
Edge Chipping -0.057489417 0.601473913 -0.553110906
Edge Rounding 2.015496746 -0.667773899 -0.547202558
Class Means on Canonical Variables
Environment Can1 Can2 Can3
Beach 2.238440688 -0.031227306 -0.020905967
Channel -0.301038874 -0.488899341 0.261188810
Grass Bed -0.240646896 0.171124986 0.047941743







































































Priors 0.11203 0.11119 0.56147 0.21532






Rate 0.4558 1.0000 0.0296 0.9563 0.3848
Priors 0.1120 0.1112 0.5615 0.2153
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Eocene, Moodys Branch Formation, Copenhagen, Louisiana





Environment Beach Channel Grass Bed
Sparse
Grass
1 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
2 Unknown Grass Bed * 0.0408 0.0816 0.6122 0.2653
3 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
4 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
5 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
6 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
7 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
8 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
9 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
10 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
11 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
12 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
13 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
14 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
15 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
16 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
17 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
18 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
19 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
20 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
21 Unknown Grass Bed * 0.0000 0.1552 0.4483 0.3966
22 Unknown Beach * 0.8542 0.0000 0.1042 0.0417
23 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
24 Unknown Grass Bed * 0.1875 0.2083 0.4375 0.1667
25 Unknown Grass Bed * 0.0851 0.0851 0.7021 0.1277
26 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
27 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
28 Unknown Grass Bed * 0.3659 0.0244 0.6098 0.0000
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Environment Beach Channel Grass Bed
Sparse
Grass
29 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
30 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
31 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
32 Unknown Beach * 0.5476 0.0238 0.2857 0.1429
33 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
34 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
35 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
36 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
37 Unknown Grass Bed * 0.1020 0.0204 0.8367 0.0408
38 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
39 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
40 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
41 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
42 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
43 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
44 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
45 Unknown Grass Bed * 0.0331 0.1901 0.5537 0.2231
46 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
47 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
48 Unknown Grass Bed * 0.2750 0.0500 0.6750 0.0000
49 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
50 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
51 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
52 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
53 Unknown Grass Bed * 0.0120 0.1325 0.6627 0.1928
54 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
55 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
56 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
57 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
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Environment Beach Channel Grass Bed
Sparse
Grass
58 Unknown Grass Bed * 0.1020 0.0204 0.8367 0.0408
59 Unknown Grass Bed * 0.0732 0.0732 0.7805 0.0732
60 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
61 Unknown Beach * 0.6889 0.0000 0.3111 0.0000
62 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
63 Unknown Grass Bed * 0.0889 0.2000 0.5111 0.2000
64 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
65 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
66 Unknown Grass Bed * 0.4074 0.0000 0.4444 0.1481
67 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
68 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
69 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
70 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
71 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
72 Unknown Grass Bed * 0.0120 0.1325 0.6627 0.1928
73 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
74 Unknown Grass Bed * 0.0750 0.2250 0.5000 0.2000
75 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
76 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
77 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
78 Unknown Grass Bed * 0.0682 0.1136 0.6136 0.2045
79 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
80 Unknown Grass Bed * 0.0331 0.1901 0.5537 0.2231
81 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
82 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
83 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
84 Unknown Grass Bed * 0.0000 0.0317 0.6508 0.3175
85 Unknown Grass Bed * 0.0331 0.1901 0.5537 0.2231
86 Unknown Grass Bed * 0.3200 0.0200 0.5600 0.1000
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Environment Beach Channel Grass Bed
Sparse
Grass
87 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
88 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
89 Unknown Grass Bed * 0.0331 0.1901 0.5537 0.2231
90 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
91 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
92 Unknown Grass Bed * 0.3200 0.0200 0.5600 0.1000
93 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
94 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
95 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
96 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
97 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
98 Unknown Beach * 0.5435 0.0000 0.4565 0.0000
99 Unknown Grass Bed * 0.1628 0.0000 0.6977 0.1395
100 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
101 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
102 Unknown Grass Bed * 0.1000 0.0750 0.6250 0.2000
103 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
104 Unknown Grass Bed * 0.0732 0.0732 0.7805 0.0732
105 Unknown Grass Bed * 0.2000 0.0000 0.6750 0.1250
106 Unknown Grass Bed * 0.0161 0.0484 0.6129 0.3226
107 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
108 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
109 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
110 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
111 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
112 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
113 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
114 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
115 Unknown Grass Bed * 0.0547 0.2266 0.5703 0.1484
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Environment Beach Channel Grass Bed
Sparse
Grass
116 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
117 Unknown Grass Bed * 0.0196 0.1961 0.6471 0.1373
118 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
119 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
120 Unknown Grass Bed * 0.0000 0.0317 0.8730 0.0952
121 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
122 Unknown Grass Bed * 0.0229 0.3714 0.4743 0.1314
123 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
124 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
125 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
126 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
127 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
128 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
129 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
130 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
131 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
132 Unknown Grass Bed * 0.0000 0.0000 0.7391 0.2609
133 Unknown Grass Bed * 0.0000 0.0274 0.7260 0.2466
134 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
135 Unknown Grass Bed * 0.0000 0.0000 0.7391 0.2609
136 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
137 Unknown Grass Bed * 0.1852 0.0185 0.7037 0.0926
138 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
139 Unknown Grass Bed * 0.0189 0.1038 0.6604 0.2170
140 Unknown Grass Bed * 0.0000 0.0294 0.6471 0.3235
141 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
142 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
143 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
144 Unknown Grass Bed * 0.0000 0.0698 0.6279 0.3023
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Environment Beach Channel Grass Bed
Sparse
Grass
145 Unknown Grass Bed * 0.0189 0.1038 0.6604 0.2170
146 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
147 Unknown Grass Bed * 0.0120 0.1325 0.6627 0.1928
148 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
149 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
150 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
151 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
152 Unknown Grass Bed * 0.0120 0.1084 0.5542 0.3253
153 Unknown Grass Bed * 0.0000 0.0750 0.7000 0.2250
154 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
155 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
156 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
157 Unknown Grass Bed * 0.0000 0.0154 0.8769 0.1077
158 Unknown Grass Bed * 0.0000 0.1290 0.6452 0.2258
159 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
160 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
161 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
162 Unknown Grass Bed * 0.0920 0.1149 0.5862 0.2069
163 Unknown Grass Bed * 0.0476 0.0357 0.7619 0.1548
164 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
165 Unknown Grass Bed * 0.0588 0.1373 0.6078 0.1961
166 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
167 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
168 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
169 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
170 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
171 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
172 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
173 Unknown Grass Bed * 0.0189 0.3113 0.5000 0.1698
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Environment Beach Channel Grass Bed
Sparse
Grass
174 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
175 Unknown Grass Bed * 0.0000 0.0735 0.7059 0.2206
176 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
177 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
178 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
179 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
180 Unknown Grass Bed * 0.0095 0.0476 0.6762 0.2667
181 Unknown Grass Bed * 0.0000 0.0238 0.6905 0.2857
182 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
183 Unknown Grass Bed * 0.0299 0.0149 0.8358 0.1194
184 Unknown Sparse
Grass
* 0.1091 0.0909 0.3636 0.4364
185 Unknown Grass Bed * 0.0189 0.3113 0.5000 0.1698
186 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
187 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
188 Unknown Grass Bed * 0.0606 0.0152 0.7879 0.1364
189 Unknown Grass Bed * 0.0000 0.0238 0.6905 0.2857
190 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
191 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
192 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
193 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
194 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
195 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
196 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
197 Unknown Grass Bed * 0.0000 0.0238 0.6905 0.2857
198 Unknown Grass Bed * 0.0547 0.2266 0.5703 0.1484
199 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
200 Unknown Grass Bed * 0.0095 0.0476 0.6762 0.2667
201 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
202 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
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Environment Beach Channel Grass Bed
Sparse
Grass
203 Unknown Grass Bed * 0.0536 0.0536 0.8036 0.0893
204 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
205 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
206 Unknown Beach * 0.8837 0.0000 0.0465 0.0698
207 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
208 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
209 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
210 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
211 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
212 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
213 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
214 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
215 Unknown Grass Bed * 0.0423 0.0704 0.8169 0.0704
216 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
217 Unknown Grass Bed * 0.0000 0.0294 0.6471 0.3235
218 Unknown Grass Bed * 0.0423 0.0704 0.8169 0.0704
219 Unknown Beach * 0.8542 0.0000 0.1042 0.0417
220 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
221 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
222 Unknown Grass Bed * 0.0000 0.0392 0.7255 0.2353
223 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
224 Unknown Grass Bed * 0.0000 0.1084 0.6386 0.2530
225 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
226 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
227 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
228 Unknown Grass Bed * 0.0000 0.0735 0.7059 0.2206
229 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
230 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
231 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
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Environment Beach Channel Grass Bed
Sparse
Grass
232 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
233 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
234 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
235 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
236 Unknown Grass Bed * 0.0189 0.3113 0.5000 0.1698
237 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
238 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
239 Unknown Grass Bed * 0.0000 0.1443 0.6289 0.2268
240 Unknown Grass Bed * 0.1020 0.0204 0.8367 0.0408
241 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
242 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
243 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
244 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
245 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
246 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
247 Unknown Grass Bed * 0.0222 0.2000 0.4667 0.3111
248 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
249 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
250 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
251 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
252 Unknown Grass Bed * 0.0723 0.0241 0.7590 0.1446
253 Unknown Grass Bed * 0.0161 0.0484 0.6129 0.3226
254 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
255 Unknown Beach * 0.5070 0.0000 0.3803 0.1127
256 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
257 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
258 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
259 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
260 Unknown Grass Bed * 0.0476 0.0357 0.7619 0.1548
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Environment Beach Channel Grass Bed
Sparse
Grass
261 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
262 Unknown Grass Bed * 0.0000 0.0154 0.8769 0.1077
263 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
264 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
265 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
266 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
267 Unknown Grass Bed * 0.0000 0.1084 0.6386 0.2530
268 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
269 Unknown Grass Bed * 0.0732 0.0732 0.7805 0.0732
270 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
271 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
272 Unknown Grass Bed * 0.0000 0.0408 0.8367 0.1224
273 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
274 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
275 Unknown Grass Bed * 0.3200 0.0200 0.5600 0.1000
276 Unknown Grass Bed * 0.0488 0.0732 0.8293 0.0488
277 Unknown Grass Bed * 0.2394 0.0141 0.6479 0.0986
278 Unknown Grass Bed * 0.0222 0.2000 0.4667 0.3111
279 Unknown Grass Bed * 0.0229 0.3714 0.4743 0.1314
280 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
281 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
282 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
283 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
284 Unknown Beach * 0.5070 0.0000 0.3803 0.1127
285 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
286 Unknown Grass Bed * 0.0476 0.1429 0.6905 0.1190
287 Unknown Grass Bed * 0.0647 0.2518 0.5755 0.1079
288 Unknown Grass Bed * 0.0647 0.2518 0.5755 0.1079
289 Unknown Grass Bed * 0.1944 0.0278 0.7361 0.0417
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Environment Beach Channel Grass Bed
Sparse
Grass
290 Unknown Grass Bed * 0.0625 0.2083 0.6250 0.1042
291 Unknown Grass Bed * 0.1944 0.0278 0.7361 0.0417
292 Unknown Grass Bed * 0.0103 0.1546 0.6289 0.2062
293 Unknown Grass Bed * 0.0638 0.2340 0.6596 0.0426
294 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
295 Unknown Grass Bed * 0.0221 0.1912 0.5956 0.1912
296 Unknown Grass Bed * 0.3023 0.0000 0.5814 0.1163
297 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
298 Unknown Grass Bed * 0.2500 0.0250 0.6750 0.0500
299 Unknown Grass Bed * 0.0000 0.0000 0.9000 0.1000
300 Unknown Grass Bed * 0.0103 0.1546 0.6289 0.2062
301 Unknown Grass Bed * 0.0000 0.0714 0.7619 0.1667
302 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
303 Unknown Grass Bed * 0.0000 0.1563 0.6406 0.2031
304 Unknown Grass Bed * 0.1111 0.0222 0.7556 0.1111
305 Unknown Grass Bed * 0.0000 0.1500 0.8250 0.0250
306 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
307 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
308 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
309 Unknown Grass Bed * 0.0000 0.0714 0.7619 0.1667
310 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
311 Unknown Grass Bed * 0.0094 0.3302 0.5094 0.1509
312 Unknown Grass Bed * 0.0580 0.1884 0.6522 0.1014
313 Unknown Grass Bed * 0.0000 0.0000 0.9200 0.0800
314 Unknown Grass Bed * 0.1081 0.1081 0.6622 0.1216
315 Unknown Grass Bed * 0.0972 0.1389 0.5556 0.2083
316 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
317 Unknown Grass Bed * 0.0580 0.1884 0.6522 0.1014
318 Unknown Grass Bed * 0.0196 0.1961 0.6471 0.1373
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Environment Beach Channel Grass Bed
Sparse
Grass
319 Unknown Grass Bed * 0.0638 0.2340 0.6596 0.0426
320 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
321 Unknown Grass Bed * 0.0000 0.1084 0.6386 0.2530
322 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
323 Unknown Grass Bed * 0.0221 0.1912 0.5956 0.1912
324 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
325 Unknown Grass Bed * 0.1020 0.0204 0.8367 0.0408
326 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
327 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
328 Unknown Grass Bed * 0.0250 0.1250 0.7500 0.1000
329 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
330 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
331 Unknown Grass Bed * 0.0000 0.1136 0.7273 0.1591
332 Unknown Grass Bed * 0.0606 0.0152 0.7879 0.1364
333 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
334 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
335 Unknown Grass Bed * 0.0000 0.0845 0.5775 0.3380
336 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
337 Unknown Grass Bed * 0.1000 0.0750 0.7250 0.1000
338 Unknown Grass Bed * 0.0250 0.0750 0.6750 0.2250
339 Unknown Grass Bed * 0.0221 0.1912 0.5956 0.1912
340 Unknown Grass Bed * 0.0189 0.1038 0.6604 0.2170
341 Unknown Grass Bed * 0.0000 0.1698 0.6981 0.1321
342 Unknown Grass Bed * 0.0488 0.1220 0.7317 0.0976
343 Unknown Grass Bed * 0.0000 0.0845 0.5775 0.3380
344 Unknown Grass Bed * 0.0000 0.1429 0.7381 0.1190
345 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
346 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
347 Unknown Grass Bed * 0.0094 0.3302 0.5094 0.1509
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Environment Beach Channel Grass Bed
Sparse
Grass
348 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
349 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
350 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
351 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
352 Unknown Grass Bed * 0.0244 0.0976 0.7317 0.1463
353 Unknown Grass Bed * 0.0120 0.1084 0.5542 0.3253
354 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
355 Unknown Grass Bed * 0.0750 0.0250 0.7500 0.1500
356 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
357 Unknown Grass Bed * 0.0750 0.0250 0.7500 0.1500
358 Unknown Grass Bed * 0.0723 0.0241 0.7590 0.1446
359 Unknown Grass Bed * 0.0000 0.1698 0.6981 0.1321
360 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
361 Unknown Grass Bed * 0.0000 0.0238 0.6905 0.2857
362 Unknown Grass Bed * 0.0000 0.0000 0.7391 0.2609
363 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
364 Unknown Grass Bed * 0.0000 0.0238 0.5000 0.4762
365 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
366 Unknown Grass Bed * 0.0244 0.0976 0.7317 0.1463
367 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
368 Unknown Grass Bed * 0.0000 0.0227 0.5455 0.4318
369 Unknown Grass Bed * 0.0000 0.1860 0.7209 0.0930
370 Unknown Grass Bed * 0.0750 0.0250 0.7500 0.1500
371 Unknown Grass Bed * 0.0000 0.0667 0.7556 0.1778
372 Unknown Grass Bed * 0.0000 0.1084 0.6386 0.2530
373 Unknown Grass Bed * 0.0244 0.0976 0.7317 0.1463
374 Unknown Grass Bed * 0.0723 0.0241 0.7590 0.1446
375 Unknown Grass Bed * 0.0488 0.0000 0.8049 0.1463
376 Unknown Grass Bed * 0.0000 0.0227 0.6364 0.3409
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Environment Beach Channel Grass Bed
Sparse
Grass
377 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
378 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
379 Unknown Grass Bed * 0.0000 0.0227 0.6364 0.3409
380 Unknown Grass Bed * 0.0000 0.0845 0.5775 0.3380
381 Unknown Grass Bed * 0.0000 0.0952 0.7381 0.1667
382 Unknown Grass Bed * 0.0385 0.0000 0.7692 0.1923
383 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500
384 Unknown Grass Bed * 0.0000 0.1698 0.6981 0.1321
385 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
386 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
387 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
388 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
389 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
390 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
391 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
392 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
393 Unknown Grass Bed * 0.0145 0.3768 0.4203 0.1884
394 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
395 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
396 Unknown Grass Bed * 0.0094 0.3302 0.5094 0.1509
397 Unknown Grass Bed * 0.0319 0.1915 0.6170 0.1596
398 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
399 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
400 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
401 Unknown Grass Bed * 0.0000 0.1136 0.7273 0.1591
402 Unknown Grass Bed * 0.0476 0.0357 0.7619 0.1548
403 Unknown Grass Bed * 0.0069 0.0345 0.6552 0.3034
404 Unknown Grass Bed * 0.0000 0.1443 0.6289 0.2268
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Environment Beach Channel Grass Bed
Sparse
Grass
405 Unknown Grass Bed * 0.0130 0.1299 0.5714 0.2857
406 Unknown Grass Bed * 0.0093 0.2593 0.4815 0.2500




























Priors 0.11203 0.11119 0.56147 0.21532
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Pleistocene Unnamed, Bocas del Toro, Panama





Environment Beach Channel Grass Bed
Sparse
Grass
1 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
2 Unknown Grass Bed * 0.0250 0.0500 0.9000 0.0250
3 Unknown Grass Bed * 0.0000 0.0488 0.7317 0.2195
4 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
5 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
6 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
7 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
8 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
9 Unknown Grass Bed * 0.0000 0.0000 0.9057 0.0943
10 Unknown Sparse Grass * 0.1034 0.1379 0.3563 0.4023
11 Unknown Grass Bed * 0.0741 0.0370 0.7222 0.1667
12 Unknown Grass Bed * 0.0851 0.0851 0.7021 0.1277
13 Unknown Grass Bed * 0.0000 0.0000 0.9000 0.1000
14 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
15 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
16 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
17 Unknown Grass Bed * 0.0000 0.0455 0.7045 0.2500
18 Unknown Grass Bed * 0.0000 0.0274 0.7260 0.2466
19 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
20 Unknown Grass Bed * 0.0000 0.0274 0.7260 0.2466
21 Unknown Grass Bed * 0.0909 0.0000 0.8636 0.0455
22 Unknown Grass Bed * 0.0000 0.0529 0.6294 0.3176
23 Unknown Grass Bed * 0.0000 0.1064 0.6596 0.2340
24 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
25 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
26 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
27 Unknown Grass Bed * 0.0137 0.1644 0.4932 0.3288
28 Unknown Grass Bed * 0.0137 0.1644 0.4932 0.3288
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Environment Beach Channel Grass Bed
Sparse
Grass
29 Unknown Grass Bed * 0.0291 0.1068 0.6117 0.2524
30 Unknown Grass Bed * 0.2000 0.0250 0.6250 0.1500
31 Unknown Grass Bed * 0.0206 0.0412 0.7423 0.1959
32 Unknown Grass Bed * 0.1852 0.0185 0.7037 0.0926
33 Unknown Grass Bed * 0.0000 0.0392 0.7255 0.2353
34 Unknown Grass Bed * 0.1667 0.0000 0.6905 0.1429
35 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
36 Unknown Grass Bed * 0.0536 0.0000 0.8393 0.1071
37 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
38 Unknown Grass Bed * 0.0244 0.0244 0.8293 0.1220
39 Unknown Grass Bed * 0.1667 0.0000 0.6905 0.1429
40 Unknown Grass Bed * 0.0206 0.0412 0.7423 0.1959
41 Unknown Grass Bed * 0.0000 0.0000 0.5652 0.4348
42 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
43 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
44 Unknown Grass Bed * 0.0229 0.3714 0.4743 0.1314
45 Unknown Grass Bed * 0.0206 0.0412 0.7423 0.1959
46 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
47 Unknown Grass Bed * 0.0291 0.1068 0.6117 0.2524
48 Unknown Grass Bed * 0.0000 0.0189 0.9245 0.0566
49 Unknown Grass Bed * 0.1096 0.0959 0.4384 0.3562
50 Unknown Grass Bed * 0.0227 0.0909 0.7955 0.0909
51 Unknown Grass Bed * 0.0000 0.0845 0.5775 0.3380
52 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
53 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
54 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
55 Unknown Grass Bed * 0.0455 0.0455 0.8636 0.0455
56 Unknown Grass Bed * 0.1096 0.0959 0.4384 0.3562
57 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
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Environment Beach Channel Grass Bed
Sparse
Grass
58 Unknown Grass Bed * 0.0000 0.0735 0.7059 0.2206
59 Unknown Grass Bed * 0.0000 0.0000 0.7391 0.2609
60 Unknown Grass Bed * 0.0250 0.0500 0.7750 0.1500
61 Unknown Grass Bed * 0.0000 0.0455 0.5909 0.3636
62 Unknown Grass Bed * 0.0732 0.0732 0.7805 0.0732
63 Unknown Grass Bed * 0.0250 0.0500 0.7750 0.1500
64 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
65 Unknown Grass Bed * 0.0680 0.2718 0.5437 0.1165
66 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
67 Unknown Grass Bed * 0.0340 0.1047 0.5602 0.3010
68 Unknown Grass Bed * 0.0291 0.1068 0.6117 0.2524
69 Unknown Grass Bed * 0.0697 0.1580 0.4727 0.2997
70 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
71 Unknown Grass Bed * 0.0580 0.1884 0.6522 0.1014
72 Unknown Grass Bed * 0.0250 0.0500 0.7750 0.1500
73 Unknown Grass Bed * 0.0101 0.0976 0.5320 0.3603
74 Unknown Grass Bed * 0.0000 0.0227 0.6364 0.3409
75 Unknown Grass Bed * 0.0095 0.0476 0.6762 0.2667
76 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
77 Unknown Grass Bed * 0.0000 0.0294 0.6471 0.3235
78 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
79 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
80 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
81 Unknown Grass Bed * 0.0208 0.3889 0.4375 0.1528
82 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
83 Unknown Beach * 0.4211 0.1404 0.1930 0.2456
84 Unknown Beach * 0.4211 0.1404 0.1930 0.2456
85 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
86 Unknown Grass Bed * 0.0206 0.0412 0.7423 0.1959
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Environment Beach Channel Grass Bed
Sparse
Grass
87 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
88 Unknown Beach * 0.3678 0.0690 0.2414 0.3218
89 Unknown Grass Bed * 0.0580 0.1884 0.6522 0.1014
90 Unknown Grass Bed * 0.0732 0.0732 0.4878 0.3659
91 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
92 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
93 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
94 Unknown Grass Bed * 0.0000 0.0135 0.5676 0.4189
95 Unknown Grass Bed * 0.0145 0.0580 0.6377 0.2899
96 Unknown Grass Bed * 0.1667 0.0000 0.6905 0.1429
97 Unknown Grass Bed * 0.0229 0.0458 0.6870 0.2443
98 Unknown Grass Bed * 0.0206 0.0412 0.7423 0.1959
99 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
100 Unknown Sparse Grass * 0.1091 0.0909 0.3636 0.4364
101 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
102 Unknown Grass Bed * 0.0328 0.0984 0.7377 0.1311
103 Unknown Grass Bed * 0.0000 0.0274 0.7260 0.2466
104 Unknown Grass Bed * 0.0100 0.1000 0.6700 0.2200
105 Unknown Grass Bed * 0.0000 0.0274 0.7260 0.2466
106 Unknown Grass Bed * 0.0161 0.1613 0.6290 0.1935
107 Unknown Grass Bed * 0.0233 0.0930 0.6512 0.2326
108 Unknown Grass Bed * 0.2683 0.0000 0.7073 0.0244
109 Unknown Grass Bed * 0.0244 0.0244 0.8293 0.1220
110 Unknown Grass Bed * 0.0137 0.1644 0.4932 0.3288
111 Unknown Grass Bed * 0.0114 0.1364 0.5341 0.3182
112 Unknown Grass Bed * 0.0000 0.0135 0.5676 0.4189
113 Unknown Grass Bed * 0.0580 0.1884 0.6522 0.1014
114 Unknown Grass Bed * 0.0204 0.1633 0.4490 0.3673
115 Unknown Grass Bed * 0.0360 0.2000 0.5213 0.2427
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Priors 0.11203 0.11119 0.56147 0.21532
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